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ABSTRACT

The main target of this study was to reduce the cost of treatment of
diabetic and gout patients due to high drug prices. It was suggested to
use herbal combinations (Ginger, Urtica Dioica (Nettle) Turmeric
(Curcuma), Coffee (CoFFea), or DiLL (Anethum Graveolens), Melissa
(Lemon Balm), Lemongrass (Cymbopogon Ciratus), Marjoram
(Origanum Majorana)) with lowering the level of drug intake. Treatment
cost calculated, and showed that drug decrease with giving herbs
collection, especially the "B" collection reduced the cost of treatment.
This was carried out on diabetic rats. Control "A" group (diabetic rats
received plane diet without herbs or drug) showed higher, serum
glucose, (VLDL), HDL, total protein, albumin, and SOD, and lower
levels of triglycerides, cholesterol, LDL, ALT, AST, ALP, urea, uric
acid, and creatinine. Nevertheless, feeding on the basal diet with drug
100 & 30, with combined herbs 100 or 300 mg reversed such changes.
This was confirmed by the fewer histopathological changes. This
indicated that suggested herbs especially the combined herb "A", may be
used to lower the treatment cost of diabetics as calculation result
revealed.
Keywords: canagliflozin - Ginger - Urtica Dioica - Turmeric - Coffee —
Anethum Graveolens— Lemongrass - Origanum Majorana —Melissa -
lipid profile — liver and renal function — insulin resistance.
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INTRODUCTION

Canagliflozin lowers plasma glucose by lowering the renal threshold
for glucose and increasing urinary glucose excretion, it is used to treat
type 2 DM. As he reduces liver fat, triglyceride (TG) and glycogen
contents and subsequently ameliorates hepatic steatosis. It is registrated
in 100 mg & 300 mg film-coated tablets (Palmer and Clegg, 2023).
Mechanism of canagliflozin acts by inhibiting the SGLT2 which
accounts for more than 90% of renal glucose reabsorption (Ferrannini
et al., 2024).

Ginger (Zingiber officinale Roscoe) is herbaceous perennial plant of
the family Zingiberaceae. Novakovic et al., (2024) indicated that ginger
was a promising therapy for T2DM and MetS through multiple targets
and pathways. This positive effect may be resulting from its primary
bioactive ingredients such as gingerols, shogaols, zingerone, and
paradols. Ginger has been shown to have anti-diabetic activity through
alpha glucosidase inhibition and presence B-Sesquiphell andrene which
increases insulin sensitivity. Ginger is reduce the level of uric acid
formation and gout disease.

Urtica dioica L. (common as stinging nettle) belongs to family
Urticaceae which is used in the world as a herbal medicine. Is commonly
known as medical herb for a long time in the world. Nettle powder had
contained relatively high amounts of bioactive compounds as tannin,
total phenolic (TP) and total dietary fractions. All parts of U. dioica has
been reported to have some chemical materials such as histamine, formic
acid, acetylcholine, acetic acid, butyric acid, lucoterians, 5-hydroxy
tiryptamin and other stimulants. Nettle powders were showed a
significant enhancement of insulin secretion thereby decreasing the
blood sugar level (Purovi¢ et al., 2023).

Cymbopogon citratus (DC.) Stapf belongs to family Poaceae.
Cymbopogon citratus Stapf (Poacae) is commonly known as lemongrass
is native. It is an aromatic grass-like plant. Is one of the largely
cultivated medicinal plants for its essential oils, it contains 1-2% of-
essential oil. The leaves of Lemongrass contains lemony characteristic
flavour due presence of citral (Kamaruddin ez al., 2022). For several
decades, lemongrass has been reported to be extensively used for a
number of folkloric, cosmetic, and nutritional purposes. Lemongrass tea
(LGT) is consumed for the treatment of DM and other related disorders
such as hypertension, type 2 diabetic and obesity (Dhayal et al., 2023).

The word coffee 1s derived from the name of the province Keffa
where, prior to 1000 A.D. Coffee is one of the most frequently
consumed beverages worldwide. It contains numerous bioactive
chemicals, including phenolic compounds and caffeine. Caffeine is a
central nervous system stimulant of the methylxanthine and plays an
important role in increasing alertness, reducing fatigue, improving
performance, and increasing mental functioning; it can also reduce blood

glucose, protect the body from oxidative damage (Ghavami et al,
2021).
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Curcuma longa, the turmeric plant is an herbaceous plant of the
family Zingiberaceae commonly utilized in food preparation as a spice.
This plant is characterized by orange tuberous rhizomes and is known
‘yellow coloring agent. *The singular characteristic of this plant is the
presence of curcumin, which shows antioxidant and anti-inflammatory
properties (Emirik, 2020).

Marjoram or Oregano (Origanum majoranum; OM) is a hardy
perennial and herbaceous plant which belongs to family Labiatae It is
generally called as "sweet marjoram" contains oleanolic and ursolic
acids, flavonoids and hydroquinones, caffeic, rosemarinic, and
lithospermic acids, tannins, and phenolic glycosides. Phenolic
compounds of oregano represent 71% of the total oil. The essential oil is
widely used as antihyperglycemic, (Makrane et al., 2019). Marjoram
considered as antiseptic, antidiabetic, O. majorana leaves as aqueous
extract leaves decreased blood glucose case. This practice reduced blood
glucose and increased hemoglobin Alc (HbAlc) level, this also showed
anti gout activity (Gutiérrez et al., 2022).

Anethum graveolens L (commonly referred to as dill) is a herb
commonly used both as a remedy and as a spice. In diabetic models, the
administration of different extractions of A. graveolens seed had
antioxidant, hypolipidemic and hypoglycemic effects. Randomized
clinical trials showed that A. graveolens reduced total cholesterol (TC)
and low-density lipoprotein cholesterol (LDL-C) but did not change
triglyceride or HDLC levels in patients with T2DM (Aati et al., 2022).

Melissa officinalis (MO) is a species from Lamiaceaes family that
also called Lemon balm because of its lemon like scent. is a well-known
medicinal plant species used in perfumes, cosmetics, tea and food
products in many countries. Scientific research haa revealed that Melissa
officinalis possesses many beneficial effects such as reduced blood
glucose and anti gout activity. Recently MO has been used to treat
Alzheimer's disease. Among more than one hundred chemicals which
have been identified in this plant, its main ingredients include citral,
citronellal, geraniol, linalool and B-caryophyllene-oxide. The odor of the
plant is mainly because of citral and citronellal (Shin et al., 2020).

Finally it should be noted that price of canagliflozin 100mg is 436
L.E. of canagliflozin 300mg is 505 L.E. The price of drugs increased by
40% of original price (November, 2024) and may increase more in future
time. Therefore, saving just 10% of the drug will mean something to the
patient as will be seen reviewing the chapter of result & discussion since
the new price of canagliflozin 100mg & 300mg will be 644 and 700
piasters respectively compared with price of herbs.
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MATERIAL

1. Fructose purchased From EL-Gomhorya Company For Chemicals
and Drugs, Cairo, Egypt.

2. STZ purchased From EL-Gomhorya Company For Chemicals and
Drugs, Cairo, Egypt.

3. Fifty health adult male albino rats "Sprague Dawley Strain"
weighting 160+ 10g were obtained From the animal Colony, Helwan
Farm, vaccine and Immunity Organization, Helwan Governorate,
Egypt.

4. THe Herbs: Ginger, Urtica Dioica (Nettle) Turmeric (Curcuma),
Coffee (CoFFea), DiLL (Anethum Graveolens), Melissa (Lemon
Balm), Lemongrass (Cymbopogon Ciratus), Marjoram (Origanum
Majorana) were obtained From Harraz Herbal Store, Helwan
Governorate, Egypt.

5. Canagliflozin (SGLT2): Invokana (Alkana-gliflozin), At a
Concentration of 100 mg and 300 mg were obtained From, EL-
Ezaby, Pharmacy, Cairo, Egypt.

6. Chemicals and other materials: Casein">85% protein", corn starch,
DL-methionine, choline chloride, vitamins, minerals and other
required chemicals were obtained From Morgan Company For
chemicals, Cairo, Egypt.

METHODS
Basal diet was prepared to give the efficiency for maintaining the

growth of experimental animals. It is prepared From the Following

ingredients per 100g diet were according to (Reeves ef al., 1993). It was

consisted of 15% casein, 10% corn oil, 0.2% choline chloride, 0.3%

methionine, 1% vitamin mixture, 4% salt mixture and 5% fiber

(Cellulose). 65.5 Corn Starch, 14% protein (Reeves et al., 1993).

Biological Experiment
Fifty healthy adult male albino rat's "Sprague Dawley Strain"

weighting 160 = 10 g kept in single wire cages with wire bottoms under

hygienic conditions. The diet will be introduced to the rats in special
food contains which avoid scattering of food. Also, water will be
provided to the rats by glass tube projection through the wire cages.

Food and water will be provided ad-libitum and checked daily.

The induction of experimental diabetes
After a fasting period of at least 8 h, DM was induced in male rats

on these 9 groups by the intraperitoneal injection of STZ 40 mg/Kg

body weight according to (Dufrane, et al 2006).

One week after the injection of STZ fasting blood samples were
obtained to estimate fasting serum glucose 40 mg/dl rats which were

considered diabetes (Nine Group) (Akinola, et al 2012).
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The induction of experimental gout:

During this week male rats fed on t 30% fructose to inflict gout
disease (Nine Group). (Doa, 2016).

Experimental Design

Fifty adult male albino rats "Sprague Dawley Strain" weighting
160+ Fed on basal diet for one week for adaptation. After this week, they
were divided into ten main groups:

-The First group: Consists of 5 normal rats which Fed on basal diet
only as a negative control group For seven weeks (49 day) (Negative
Control).

After a fasting period of at least 8 h, DM was induced in male rats
on these 9 groups by the intraperitoneal injection of STZ 40 mg/Kg
body weight according to (Dufrane, et al 2006). One week after the
injection of STZ fasting blood samples were obtained to estimate fasting
serum glucose 40 mg/dl rats which were considered diabetes (Nine
Group) (Akinola, ef al 2012). During this week male rats fed on t 30%
fructose to inflict gout disease (Nine Group). (Doa, 2016).

-The second group: consists of 5 normal rats which diet consists of
basal diet with replacement of starch with 30% fructose for one week
only, then fed on basal diet (Positive Control).

-The Third group: Consists of 5 normal rats which diet consists of
basal diet with replacement of starch with 2.5% of Herbs A (ginger,
urtica dioica (nettle), turmeric (curcuma), Coffee (Coffea).

-The Fourth group: Consists of 5 normal rats which diet consists of
basal diet with replacement of starch with 2.5% of Herbs B (dill
(Anethum Graveolens), Melissa (Lemon Balm), Lemongrass
(Cymbopogon Citatus), Marjoram (Origanum Majorana).

-The Fifth group: Consists of 5 normal rats which diet consists of basal
diet with replacement of starch with 2.5% Herbs A and canagliflozin
100mg/day).

-The sixth group: Consists of 5 normal rats which diet consists of basal
diet with replacement of starch with 2.5% Herbs B and canagliflozin
100mg/day).

-The seventh group: Consists of 5 normal rats which diet consists of
basal diet with replacement of starch with 2.5% Herbs A and
canagliflozin 300mg/day).

-The Eighth group: Consists of 5 normal rats which diet consists of
basal diet with replacement of starch with 2.5% Herbs B and
canagliflozin 300mg/day).

-The Ninth group: Consists of 5 normal rats which diet consists of
basal diet with replacement of starch with Canagliflozin 100mg/day
(0.1gram).

-The tenth group: Consists of 5 normal rats which diet consists of basal
diet with replacement of starch with Canagliflozin 300mg/day
(0.3gram).
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At the end of the experimental period (seven weeks), the animals
(rats) sacrificed under ether anesthetized and blood samples collected in
dry centrifuge tubes from hepatic portal vein. Also, the organs (liver,
kidney and heart) removed by careful dissection, washed in saline
solution (0.9%), dried using filter paper then weighed and the portion
from liver put in 10% formaldehyde to examine histopathology. Serum
will be separated by centrifugation of blood at 4000 rpm (round per
minute) for 15 minutes at room temperature and kept in plastic vial at -
20°C till analysis.

Biological Evaluation

Includes the determination of:

1. Feed intake and body weight gain:

Animals and food were weighed twice a week. At the end of
experiment feed intake and body weight gain calculated as a mean = SE
for each group.

BWG = Final weight (g) - Initial weight (g) / Initial weight (g)

2. Feed efficiency ratio:

Calculated as a Follow according to Eggum et al., (1973):

FER = Body weight gain (g) / Feed intake(g).
Biochemical Analysis:

Fasting plasma glucose level was determined by an enzymatic
colorimetric method of Sharp, (1972), The quantitative enzymatic
colorimetric determination of triglycerides in determined according to
Wabhlefeld, (1974). Determination of total cholesterol and HDL
cholesterol in serum using kits Stanbio laboratory according to Stein,
(1986). Low-density lipoprotein (LDL) cholesterol calculated according
to Friedewald et al., 1972). Aminotransferase (ALT and AST) were
determined according to Bergmeyer and Hordor, (1980). Alkaline
phosphatase (ALP) was determined according to Bowers and MC-
Comb, (1966). Blood Urea Nitrogen (BUN) was estimated according to
Tabacco et al., (1979). Method was determined of uric acid according to
Fossati et al., (1980). Kinetic method determined of Creatinine
according to Hout, (1985).

Histopathological Examination Of Organs:

Liver, Heart and kidney specimen from each rat were fixed in
buffered 10% formalin solution. Organ samples embedded in paraffin
wax and prepared for histobiological examination by sectioning and
staining with hematoxylin and eosin, according to Lambergton and
Rothstein, (1988).
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Statistical Analysis:

Statistical analysis will be carried out using the programme of Cost
Analysis Statistics (COSTAT). The results were expressed as mean =+
standard error (mean + SE). Data were analyzed using one-way
classification, analysis of variance (ANOVA). The differences between
means were tested for significance using the least significant difference
(LSD) test at p<0.05. An independent t-test was also used to determine
the statistical difference between the two means

When a significant main effect was detected, the means were
separated with the Student-Newman-Keuls test. Differences between
treatments (P<0.05) were considered significant (SAS, 2002).
Discussion

The results and discussion are divided into items, biological (Feed
intake, body weight gain and feed efficiency ratio); biochemical analysis
(Glucose, lipid profile, liver and kidney functions) and histological
examination.

Fifty adult male albino rats divided into 10 groups. First group as
negative control fed basal diet only. After a fasting period of at least 8 h,
DM was induced in male rats on these 9 groups by the intraperitoneal
injection of a single dose of alloxan monohydrate (150 mg/kg body
weight), which was dissolved in normal saline. Blood glucose levels
were measured using a glucometer 48 h after alloxan injection. Then, fed
on 30% fructose to infestation gout disease for one week (Nine Group).
Group two as positive control fed standard diet, Group three fed basal
diet and replacement of corn starch with 2.5% of Herbs A (ginger, urtica
dioica (nettle), turmeric (curcuma), Coffee (Coffea)) from diet, Group
four fed standard diet and replacement of corn starch with 2.5% of
Herbs B (dill (Anethum Graveolens), Melissa (Lemon Balm),
Lemongrass (Cymbopogon Citatus), Marjoram (Origanum Majorana)
from diet, Group five fed basal diet and replacement of corn starch with
2.5% of Herbs A from diet + canagliflozin 100mg/day, Group six fed
basal diet and replacement of corn starch with 2.5% of Herbs B from diet
+ canagliflozin 100mg/day, Group seven fed basal diet and replacement
of corn starch with 2.5% of Herbs A from diet + canagliflozin 300
mg/day, Group eight fed basal diet and replacement of corn starch with
2.5% of Herbs B from diet + canagliflozin 300 mg/day, Group nine fed
basal diet and replacement of corn starch with Canagliflozin 100mg/day
from diet, Group ten fed basal diet and replacement of corn starch with
Canagliflozin 300mg/day from diet, for the whole period of experiment
(7 weeks). and compare Normal control group results with others groups
results.
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5.1. Biological Evaluation:
Table (1) : FI, BWG and FER for rat fed control (-) control (+) herbs A, herbs B, Herbs
A, B, + Canagliflozin 100 Herbs A, B + Canagliflozin 300, Canagliflozin 100,

Lo pil) 4l Aplst dpalal) ddaal) I

Canagliflozin 300

Parameters Feed intake BWG Feed efficiency
Group (g/day) (g/day) ratio
Control A 18.14%° £ 0.608 0.895%+ 0.054 0.049% + 0.004
Control B 18.21° £ 0.631 0.808*+ 0.200 0.044*+0.013
Herbs A 17.67% +£0.814 0.815*+0.145 0.046* £ 0.008
Herbs B 17.30®° £ 0.772 0.91*+0.021 0.052% + 0.003
Herbs A + 20.192+ 1.556 0.928*+0.136 0.045*+0.0100
Canagliflozin 100
Herbs B + 20.10*+ 1.309 1.027* £ 0.056 0.051*+ 0.006
Canagliflozin 100
Herbs A + 19.56% £ 1.132 1.061*+ 0.085 0.054*+ 0.005
Canagliflozin 300
Herbs B + 19.48% £ 2.260 0.965*+ 0.105 0.049* + 0.006
Canagliflozin 300
Canagliflozin 100 17.08® + 0.727 0.840* + 0.059 0.049* £ 0.004
Canagliflozin 300 16.61° £ 0.300 0.873*+0.1359 0.052% £ 0.008
LSD (P< 0.05) 2.056 0.203 0.013

Each value is represented as mean + standard deviation

Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

5.2. Biochemical Analysis:

Table (1) : Serum glucose for rat fed control (-), control (+), herbs A, herbs B, Herbs A,
B, Canagliflozin 100, Herbs A, B, Canagliflozin 300, Canagliflozin 100, Canagliflozin 300

Parameters Glucose
Group mg/dl
M=SD
Control A 133T+£0.11
Control B 21724+ 0.57
Herbs A 198 9+ 0.71
Herbs B 143 £+ 0.88
Herbs A + Canagliflozin 100 175°+£0.85
Herbs B + Canagliflozin 100 140"+ 0.05
Herbs A + Canagliflozin 300 1727£0.49
Herbs B + Canagliflozin 300 1307+ 0.76
Canagliflozin 100 213°+0.15
Canagliflozin 300 202 °+0.81
LSD (P<0.05) 1.9

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

Table (1) show the levels of serum glucose as affected by the two
herbs formulae and two levels of canagliflozin as administered to
diabetic rats. Herbs formulae added to used drug to lower the levels of
canagliflozin during treatment. The results of table (1) reveal the success
of this attempt. Serum in glucose of during intake at 100-300mg without
herbs was 202-213 mg/dl and with herbs A & B was 143-198 mg/dl
only. Then herbs lowered the drug intake. Canagliflozin alone (202-213
mg/dl) or herbs alone (143-198 mg/dl) did not show the low serum
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glucose found when both a combined together (130/175 mg/dl). This
may indicate a synergistic effect when the drug combined with herbs.
The value of canagliflozin was not excluded from the combination.

This drug causes significant loss of glucose in urine, reduces body
weight gain, increases of LDL and HDL decreases (Mahaffey et al.,
2018). Many authors (Mukandi ez al 2017) reported the value of used
herbs as anti-diabetics it was pointed to the deleterious effect of
therefore on glucose metabolism and insulin sensitivity indeed a high

fructose diet increased glucose and insulin responses to sucrose loud.
Table (2) : Triglycerides (TG) for rat fed control (-), control (+), herbs A, herbs B, Herbs
A, B + Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and
Canagliflozin 300

Parameters Triglycerides
mg/dl
Group M=SD
Control A 1197"+£1.63
Control B 1602+ 0.54
Herbs A 153°+£0.29
Herbs B 156 °+0.62
Herbs A + Canagliflozin 100 132°+4
Herbs B + Canagliflozin 100 129 T+ 0.53
Herbs A + Canagliflozin 300 1278+ 0.88
Herbs B + Canagliflozin 300 1157+ 0.58
Canagliflozin 100 1469+ 0.53
Canagliflozin 300 152°+0.73
LSD (P<0.05) 2.9

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

The results of table (2) show the levels of TG in diabetic rats fed on
herbs A,B and different levels (100 & 300 unit) of canaglofilozin it is
evident that due to alloxan injection, TG was rasied in diabetic rats
According to Szkudelski, (2001) diabetes mellitus reveal some disorders
of lipids metabolism in bodies including the TG.

Table (3) : HDL for rat fed control control (-), control (+), herbs A, herbs B, Herbs A, B

+ Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and Canagliflozin
300

Parameters HDL

Group mg/dl
M=£SD

Control A 44°+0.35
Control B 341+ 0.35
Herbs A 40°+4
Herbs B 357+ 0.56
Herbs A + Canagliflozin 100 387+ 0.60
Herbs B + Canagliflozin 100 368+3
Herbs A + Canagliflozin 300 419+£0.16
Herbs B + Canagliflozin 300 47+ 0.64
Canagliflozin 100 34T£0.19
Canagliflozin 300 46 °+0.64
LSD (P<0.05) 0.9
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Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

Table (3) show the levels of HDL of diabetic rats as affected by
herbs A, B intakes, canaglofilozin 100 & 300 and the mixture of both.it
is Clear that due to diabetes mellitus HDL (called the good cholesterol)
decreased When diabetic rats given herbs A, B formulae HDL improved
somewhat reaching 40 &35 and 42 mg respectively. Canaglofilozin
alone raised HDL to 46 mg/dl while at 100 mg/dl did not show such
level (only to 34 mg/dl) which was at control (+) group combination of
canaglofilozin 300 with herbs B revealed maximum increase of HDL (47
mg/dl) and this was the best group being also so for TG and TC (Bode et

al., 2015)

Table (4) : LDL Level for rat fed control (-), control (+), herbs A, herbs B, Herbs A, B +
Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and Canagliflozin
300

Parameters LDL
Group mg/dl
M=+SD
Control A 17.21+0.58
Control B 212+ 0.47
Herbs A 26.4 %024
Herbs B 29.8°+0.23
Herbs A + Canagliflozin 100 15.63£0.17
Herbs B + Canagliflozin 100 24.2 ¢+ 0.89
Herbs A + Canagliflozin 300 20.6 '+ 0.04
Herbs B + Canagliflozin 300 18"+ 0.83
Canagliflozin 100 30.8°+0.83
Canagliflozin 300 19.6 8+ 0.71
LSD (P< 0.05) 1.0

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

The results of table (4) show the levels of LDL in diabetic rats as
affected by administration of herbs A,B and canagliflozin 100 and 300
mg. It is obvious that due to diabetes mellitus LDL considerably
increased (from 17.2 to 121 mg/dl). Nevertheless, herbs mixtures, herbs
and the drug and also the plain drug induced the level of LDL, indicating
causing of diabetes. For G8 (herbs B + canagliflozin 300) the level of
LDL (0.8 mg/dl) was nearly the same as control (-) rats. This (G8) was
the best group. This indicated that combination of herbs formula and the
drug gave best results due to synergistic effect (Li et al., 2013).
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Table (5) : Liver enzymes; AST activity for rat fed control (-), control (+), herbs A, herbs
B, Herbs A, B + Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and

Canagliflozin 300

Parameters AST

Group U/L
M=SD

Control A 104"+ 0.7
Control B 1652+0.11
Herbs A 132°+0.89
Herbs B 126 £+ (.38
Herbs A + Canagliflozin 100 1307+ 0.95
Herbs B + Canagliflozin 100 134°+0.17
Herbs A + Canagliflozin 300 143 °+ 0.86
Herbs B + Canagliflozin 300 137 9+0.83
Canagliflozin 100 160°+0.33
Canagliflozin 300 1147+ 0.74
LSD (P< 0.05) 0.50

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

Table (5) show the AST enzymes activity of rats liver as affected by
herbs mixtures and canagliflozin. It was observed that diabetes mellitus
(alloxan injection) raised AST activity in serum indicating increased
porosity of liver tissue and penetration of enzymes from into liver tissues
at higher amounts (Liu et al., 2020).

Table (6) : Liver enzymes, ALT activity for rat fed control (-), control (+), herbs A, herbs
B, Herbs A, B + Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and

Canagliflozin 300
Parameters ALT
Group U/L
M=SD
Control A 68"+ 0.54
Control B 942+ 0
Herbs A 77¢+0.53
Herbs B 831+ 0.70
Herbs A + Canagliflozin 100 76 "+ 0.60
Herbs B + Canagliflozin 100 92°+0.39
Herbs A + Canagliflozin 300 89 ¢£0.51
Herbs B + Canagliflozin 300 85°+0.35
Canagliflozin 100 837+0.73
Canagliflozin 300 86 1+ 0.17
LSD (P<0.05) 0.35

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

The results of table (6) show the ALT activity of rats serum as
affected by herbs mixtures and canagliflozin. It could be observed. that
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due to diabetes mellitus ALT activity was raised from 68 to 94 U/L .
Meanwhile the intake of herbs A,B and plain drug lowered the ALT
activity, provided that irregular order was noticed because the drug 300
plus herbs B showed high ALT activity (92 U/L) than that of herbs B +
canagliflozin 300 (85U/L). This may be due to irregular porosity and
penetration of the ALT Under these and conditions best group was that
of herbs A and canagliflozin 100 (76 U/L). Nevertheless, the fact was
clear that herbs and the drug lowered the activity of ALT (DeFronzo et

al., 2013).
Table (7) : Alkaline phosphatase (ALP) for rat fed control (-), control (+), herbs A, herbs
B, Herbs A, B + Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and

Canagliflozin 300

Parameters ALP

Group U/L
M=£SD

Control A 687+ 0.95
Control B 103°£0.51
Herbs A 84"+0.26
Herbs B 91 °£0.51
Herbs A + Canagliflozin 100 78 1+£0.07
Herbs B + Canagliflozin 100 969+ 0.74
Herbs A + Canagliflozin 300 89 1+0.05
Herbs B + Canagliflozin 300 87¢+0.05
Canagliflozin 100 104 °+0.55
Canagliflozin 300 125*+£0.94
LSD (P<0.05) 0.51

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

ALP results are shown in table (7) The results showed that due to
diabetes mellitus ALP activity was raised appreciably (from 68 to 103
U/L). Irregularity was also noticed to ALP This be caused herbs and the
drug lowered ALP, except for drug plain groups (100 & 300), where
ALP was even more than for the control (+) group (104 -125 and 103
U/L respectively). Nevertheless, for the groups herbs collection (A & B)
Lowered the ALP. Herbs 300 tended to show more effect and less ALP
than herbs 100 except for herbs A + drug best may was that of G5
(herbs A + drug 100) (78U/L). This may due to irregular tissue porosity
and penetration. Anyhow, herbs and drug lowered the ALT activity-
Fructose feeding caused damage of liver function as found be increased
of AST, ALT and ALP (Schindhelm et al., 2005).
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Table (8) : Urea level for rat fed control (-), control (+), herbs A, herbs B, Herbs A, B +
Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and Canagliflozin

300
Parameters Urea

mg/dL
Group M=SD
Control A 27°+3
Control B 492+ 4
Herbs A 34¢£3.6
Herbs B 42°+£3.6
Herbs A + Canagliflozin 100 32°+3.46
Herbs B + Canagliflozin 100 39443
Herbs A + Canagliflozin 300 31¢+2
Herbs B + Canagliflozin 300 29°+1.73
Canagliflozin 100 41°+3.6
Canagliflozin 300 46°+2
LSD (P<0.05) 2.4

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different

significantly (p < 0.05)

Table (8) Show the level of urea in serum of diabetic rats as affected
by herbs and canagliflozin intakes. It could be observed that alloxan
injected diabetic rats had much more urea in serum. (49 mg/dl)
compared to control (-) group (27 mg/dl). Nevertheless, herbs intake
lowered the urea level to 34 - 42mg/dl. The drug was less effective than
herbs in reducing the urea content (41- 46 mg/dl). Hence it seems that
combination of herbs with the drug was a successful practice (Amini et

al., 2021).

Table (9) : Creatinine level for rat fed control (-), control (+), herbs A, herbs B, Herbs A,
B + Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and
Canagliflozin 300

Parameters Creatinine
mg/dL

Group M=SD
Control A 0.5°£0.2
Control B 1.92+0.36
Herbs A 1.6 °+0.36
Herbs B 1.09+£ 045
Herbs A + Canagliflozin 100 1.1°+0.1
Herbs B + Canagliflozin 100 1.09+0.1
Herbs A + Canagliflozin 300 0.8°+0.26
Herbs B + Canagliflozin 300 0.7°£0
Canagliflozin 100 1.1°+0.26
Canagliflozin 300 1.09+0.72
LSD (P<0.05) 0.10

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)
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The results of table (9) show creatinine level in serum as affected by
herbs and canagliflozin intakes. Creatinine in Serum was raised from 0.5
to 1.9 mg/dl. When diabetic rats consumed herbs collection creatinine
decreased from 1.9 to 1.0 - 1.6 mg/dl. Also canagliflozin lowered the
creatinine of serum from 1.9 to 1.0 - 1.1 mg/dl. This improvement may be
attributed to the anti-inflammatory and antioxidant properties of herbal
components, which may help reduce glomerular damage and enhance tubular
function (Nasri & Rafieian-Kopaei, 2014).

Best group was that of G8 (herbs B+ Canagliflozin 300), being

0.7 £ 0 mg/dl.
Table (10) : Uric acid level for rat fed control (-), control (+), herbs A, herbs B, Herbs A,
B + Canagliflozin 100, Herbs A, B + Canagliflozin 300, Canagliflozin 100 and
Canagliflozin 300

Parameters Uric acid

mg/dL
Group

M<SD
Control A 2.5°+£0.26
Control B 442*+0.87
Herbs A 31°+0.4
Herbs B 3.2°%+ 0.60
Herbs A + Canagliflozin 100 29°+0.1
Herbs B + Canagliflozin 100 2.49+0.51
Herbs A + Canagliflozin 300 29°+0.26
Herbs B + Canagliflozin 300 2.1°£0.26
Canagliflozin 100 2.8°+0.36
Canagliflozin 300 239+0.55
LSD (P<0.05) 0.20

Each value is represented as mean + standard deviation
Mean under the same line bearing different superscript letters are different
significantly (p < 0.05)

The results of table (10) show uric acid of diabetic rats as affected
by herbs collections and canagliflozin intakes. It is obvious that alloxan
injection raised significantly the level of uric acid in serum (from 2.5 to
4.4 mg/dl). Nevertheless, feeding on herbs collections A, B lowered uric
acid in serum (from 4.4 to 3.1 - 3.2 mg/dl). Canagliflozin intake
decreased also uric acid level (from 4.4 to 2.3-2.8 mg/dl). Combination
of herbs with canagliflozin also lowered uric acid level to 2.3-2.8 mg/dl.
Combination of the drug with herbs reduced also the uric acid level to
2.1-2.9 mg/dl (Zhao et al., 2020).

Best group was that of G8 (2.1 mg/dl) as regards the uric acid
decreased. This was also recorded for urea & creatinine, indicating
improvement of renal function.

Histopathological examination of Kidney:

kidney photo of rat fed control (-) control (+) herbs A herbs B Herbs
A, B Canagliflozin 100 Herbs A, B Canagliflozin 300, Canagliflozin
100, Canagliflozin 300. The histopathological evaluation of kidney
tissues across the ten experimental groups provides crucial insights into

14
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the degree of renal protection or damage induced by hyperglycemia,
Canagliflozin, herbal treatments, and their combinations. The analysis,

supported by hematoxylin and eosin (H&E)

staining at x400

magnification, reveals clear pathological distinctions among the groups,
correlating strongly with the biochemical renal parameters (Forbes &

o=

Cooper, 2013).
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Photo. (1): Photomicrograph of kidney
of rat from group 1 (Control A) showing
the normal histological structure of

Photo. (2): Photomicrograph of kidney of
rat from group 2 (Control B) showing
necrobiosis of epithelial lining renal
tubules (black arrow) and congestion of
intertubular blood capillaries (red arrow).

renal parenchyma.

Photo. (3): Photomicrograph of kidney
of rat from group 3 (Herbs A) showing
vacuolar degeneration of epithelial
lining renal tubules (black arrow).

rat from group 4 (Herbs B) showing
vacuolization of epithelial lining renal
tubules (black arrow) and congestion of
intertubular blood capillaries (red arrow).

Photo. (5): Photomicrograph of kidney
of rat from group 5 (Herbs A +
Canagliflozin 100) showing vacuolar
degeneration of epithelial lining renal
tubules (black arrow).
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Photo. (6): Photomicrograph of kidney of
rat from group 6 (Herbs B + Canagliflozin
100) showing vacuolization of epithelial
lining renal tubules (black arrow) and
congestion of glomerular tuft (red arrow).

Photo. (7): Photomicrograph of kidney
of rat from group 7 (Herbs A +
Canagliflozin 300) showing congestion
of glomerular tufts (arrow).

Photo. (8): Photomicrograph of kidney of
rat from group 8 (Herbs B + Canagliflozin
300) showing slight congestion of
intertubular blood capillaries (arrow).

15
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Photo. (9): Photomicrograph of kidney
of rat from group 9 (Canagliflozin 100)
showing necrobiosis of epithelial lining
some renal tubules (black arrow).

L 2.
Photo. (10): Photomicrograph of Kidney
of rat from group 10 (Canagliflozin 300)
showing cystic diletation of renal tubules.

Histopathological examination of Heart:

The histopathological examination of heart tissues from the different
treatment groups offers key insights into the cardioprotective or
cardiotoxic effects of herbal treatments, Canagliflozin, and their

combinations under

hyperglycemic

conditions. Photomicrographs

stained with H&E at 400x magnification reveal variable alterations in
myocardial structure, vascular integrity, and inflammatory infiltration

(Cherney et al., 2014).

Photo. (11): Photomicrograph of heart
of rat from group 1 (Control A) showing
the normal histological structure of
cardiac myocytes.

Photo. (12): Photomicrograph of heart of
rat from group 2 (Control B) showing
vacuolation of the sarcoplasm of cardiac
myocytes (black arrow) and perivascular
inflammatory cells infiltration (red arrow).

Photo. (13): Photomicrograph of heart
of rat from group 3 (Herbs A) showing
no histopathological alterations.

Photo. (14): Photomicrograph of heart of
rat from group 4 (Herbs B) showing no

Photo. (15): Photomicrograph of heart
of rat from group 5 (Herbs A +
Canagliflozin  100)  showing no
histopathological alterations.

histopathological alterations.

Photo. (16): Photomicrograph of heart of
rat from group 6 (Herbs B + Canagliflozin
100) showing congestion of myocardial
blood vessels.
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e Photo. (18): Photomicrograph of heart of
Photo. (17): Photomicrograph of heart | rat from group 8 (Herbs B + Canagliflozin
of rat from group 7 (Herbs A + 300) showing congestion of myocardial
Canagliflozin 300) showing congestion | blood vessel (black arrow).

of myocardial blood vessel (black
arrow) and focal inflammatory cells
infiltration (red arrow).
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Photo. (19): Photomicrograph of heart | Photo. (20): Photomicrograph of heart of
of rat from group 9 (Canagliflozin 100) | rat from group 10 (Canagliflozin 300)
showing congestion of myocardial | showing slight intermyocardial edema
blood vessel (black arrow). (black arrow) and few intermuscular
inflammatory cells infiltration (red arrow).

Histopathological examination of liver:

The histopathological examination of the liver tissue in rats across
various experimental groups provides essential insights into the hepatic
alterations induced by diabetes, herbal treatments, and the administration
of Canagliflozin, as well as their potential for hepatoprotection or
hepatotoxicity. The results, as demonstrated by the H&E-stained liver
sections, reveal varying degrees of hepatocellular steatosis (fatty liver)
and other hepatic changes, which offer a clearer understanding of the

impacts of these treatments (Vasilenko et al., 2020).
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— Photo. (22): Photomicrograph of liver of r
Photo. (21): Photomicrograph of liver of | from group 2 (Control B) showir
rat from group 1 (Control A) showing the | hepatocellular steatosis (arrow).
normal histological architecture of
hepatic lobule.




( 1z 2025 sl Ogr¥ly SIUl daal)

- - - -

Lo pil) daul) A0St dralal) dlaal)

D

Photo. (23): Photomicrograph of liver of
rat from group 3 (Herbs A) showing
hepatocellular  steatosis of  some

Photo. (24): Photomicrograph of liver of
rat from group 4 (Herbs B) showing
hepatocellular  steatosis of  some

hepatocytes (black ar_row). »

Photo. (25): Photomicrograph of liver of
rat from group 5 (Herbs A +
Canagliflozin 100) showing steatosis of

hepatocytes (black arrow).

Photo. (26): Photomicrograph of liver of
rat from group 6 (Herbs B +
Canagliflozin 100) showing steatosis of

some hepatocytes (black arrow).

g '\._’5. — x ..-‘,- B ,‘ . ';_:'.

Photo. (27): Photomicrograph of liver of
rat from group 7 (Herbs A +
Canagliflozin 300) showing
hepatocellular steatosis (black arrow).

some hepatocytes (black arrow).

Photo. (28): Photomicrograph of liver of
rat from group 8 (Herbs B +
Canagliflozin 300) showing

Photo. (29): Photomicrograph of liver of
rat from group 9 (Canagliflozin 100)
showing small vacuoles in the cytoplasm
of some hepatocytes (black arrow).

hepatocellular steatosis (black arrow).

Photo. (30): Photomicrograph of liver of
rat from group 10 (Canagliflozin 300)
showing steatosis of some hepatocytes
(black arrow).

Conculsion:

Regarding to the finding in the present study, Herbal combination
with replace not only completely the drug canagliflozin to reduce the
diabetic and gout disease, and drug canagliflozin have side effect on the
health so we try to reduce the usage. The best group is G8 in the
transactions, and In the Histopathological kidney (herbs A, Herbs A +
Canagliflozin 100, Herbs B + Canagliflozin 300) Heart (Herbs A, Herbs
B), Liver (Herbs A, Herbs B, Herbs A and B 100)
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