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ABSTRACT

Objective: This study investigates the therapeutic properties of Canagliflozin, a SGLT-2 (Sodium glucose co-
transprter-2) inhibitor, recognized for its tolerance and supplementary advantages on body weight and blood
pressure, when used in combination with Zinc Sulphate.

Methodology: The study involved the use of a type-2 diabetic rat model, induced by a high-fat diet and streptozotocin
to examine the separate and combined impacts of Canagliflozin and Zinc Sulphate on the histology of the liver. A
total of forty-eight male Sprague-Dawley rats were separated into six groups and the treatments were delivered for
eight weeks. Body weights were observed, and histological evaluations of the liver were performed with the NASH-
CRN (Non-alcoholic Steatohepatitis Research Network) scoring system.

Results: The findings exhibited a notable decrease in body weight among the diabetic-induced groups in comparison
to the normal control. The combined utilization of Canagliflozin and Zinc Sulphate showed a heightened efficacy in
managing diabetes related weight loss and steatosis of liver in the rat model having type-2 diabetes.

Conclusion: This study indicates a possible combined treatment strategy that should be further investigated to
enhance the management of hepatic steatosis in individuals with diabetes. The study also proposes the potential for
using a reduced dosage of Canagliflozin in combination with Zinc, so limiting adverse effects.
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medication that can enhance glycemic control while
minimizing the side effects®. Considering this,
Canagliflozin, which belongs to the «class of
hypoglycemic drugs known as SGLT-2 inhibitors, has
great potential as it is both well-tolerated and has
the additional benefits of reducing body weight and
blood pressure. It functions by increasing the
elimination of glucose by inhibiting its reabsorption
from the renal proximal tubule, hence decreasing

Introduction
An exponential increase in the prevalence of

diabetes has been witnessed over the past decade,
resulting in a significant strain on global healthcare
spending, particularly in developing nations such as
Pakistan 2. Current treatment methods effectively
manage hyperglycemia, but the accompanying
adverse effects can negatively impact patient
adherence. Therefore, there is a pressing need for a
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the threshold for glucose in the kidneys®*. Zinc plays
a role in regulating bodily functions and can help
correct elevated blood glucose levels®. Insufficient
data exists to demonstrate the efficacy of combining
zinc with oral hypoglycemic medications for the
treatment of diabetes mellitus®. The HFD/STZ (High
fat diet/ Streptozotocin) rat model is an animal
model used to study type-2 diabetes in experimental
research. The process involves inducing insulin
resistance by administering a high-fat diet, followed
by the treatment of these rats with STZ, which
specifically targets and destroys the beta cells. This
causes a decrease in functionality of the beta cells in
the pancreas’. The current study aims at providing a
comprehensive understanding of individual as well
as combined benefits of zinc and canagliflozin on the
liver's tissue structure in individuals with type-2
diabetes mellitus and dyslipidemia.

Methodology

This was an animal-based experimental Study,
conducted in the Pharmacology Department of
PGMI and King Edward Medical University, Lahore.
A total of forty-eight male Sprague-Dawley rats
with a weight ranging from 120g to 180g were
recruited and randomly divided into randomly
allocated into six homogeneous groups, each
consisting of eight rats. Rats exhibiting symptoms
of ailment were excluded. Rats were acclimatized
for seven days at 22 + 2 °C, 50 + 5% humidity, with
natural light-dark cycles, and had unrestricted
access to food and water before the experiment
began. The groups were designated as A, B, C, D, E,
and F. The rats in group A, which served as the
normal control group, were provided with a typical
rat diet, namely normal chow, during the eight-
week duration of the study. Rats in the groups B, C,
D, E, and F were administered a high-fat diet for a
duration of eight weeks. After three weeks, they
were also given streptozotocin in order to induce
type-2 diabetes. The rats in group B, which served
group, were only

as the disease control

administered streptozotocin for the purpose of
inducing diabetes. Group C rats were orally fed zinc
sulfate from the 4th to the 8th week after diabetes
was induced. Group D rats were orally fed
canagliflozin from the 4th to the 8th week after
diabetes was induced. Rats in group E received oral
administration of canagliflozin (at a dosage of
10mg/kg/day) and zinc sulphate from the 4th to the
8th week after diabetes was induced. Rats in group
half dose
(5mg/kg/day) of canagliflozin and zinc sulphate
from the 4th to the 8th week after diabetes was
induced. The rats were sacrificed 24 hours after

F were orally administered a

receiving their final dose, at the conclusion of the
eighth week. Liver tissue samples were processed
by fixation in 10% buffered formalin, followed by
embedding in paraffin blocks. Sections of 4um
thickness were cut using a microtome, mounted on
glass slides, and dried in an oven. Deparaffinization
was carried out with xylene and hydration through
a series of alcohol solutions. Staining included
immersion in hematoxylin, acid alcohol, ammonia,
After
performed with alcohol and clarification with

and eosin. staining, dehydration was

xylene. Finally, slides were mounted with DPX and

examined under a microscope to evaluate

hepatocyte steatosis. The severity of steatosis was
determined using the NASH-CRN grading systemé,

The data was analyzed using SPSS version 23.0 and
GraphPad Prism version 8 on Windows.
Quantitative data were presented as mean =
standard deviation. Mean plots were used for visual
representation of parameter variations. Statistical
analysis included one-way analysis of variance
(ANOVA) followed by Tukey's multiple comparison
tests. Histopathological changes in the liver were
evaluated using Kruskal-Wallis ANOVA and Mann-
Whitney U test. A p-value < 0.05 was considered
statistically significant.

Results
The body weight was almost similar in all the study

groups at day 0, with a mean of 153.50£12.92 g in
group A. Body weights increased in animals of
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group A from 164.13+13.83g at week 1 to
186.38+12.18 g on week 4 and continued to
increase to 258.88+26.90 g till week 8.

HISTOPATHOLOGICAL SLIDES:

’Y“ "t ?‘, Z A
Group A (normal control group)
Section of rat liver showing normal

morphology of hepatocytes in NC group (10 x; H&E)

Section of rat liver showing fat deposition (hepatic
steatosis) in hepatocytes of DC group (40 x; H&E)

.

Group C Treatment group (HFD+STZ+Zinc)
Section of rat liver showing moderate hepatic

steatosis in hepatocytes of zinc treated diabetic
group (10 x; H&E)
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Group D

(HFD+STZ+Canagliflozin)
Section of rat liver showing moderate hepatic
steatosis in hepatocytes of canagliflozin treated
diabetic group (10 x; H&E)

Group E Treatment group (HFD+STZ+Zinc+full dose
Canagliflozin)

Section of rat liver showing mild hepatic steatosis
in hepatocytes of combined treatment group (10 x;
H&E)

Group F Treatment group (HFD+STZ+Zinc+half
dose Canagliflozin)

Section of rat liver showing mild hepatic steatosis
in hepatocytes of combined treatment group (10 x;
H&E)
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Table I: Comparison of mean weight among groups A, B, C, D, E and F (ANOVA)
Group-A Group-B Group-C Group-D Group-E Group-F
normal disease Zinc Canagliflozin Zn + Cana Zn + Cana
P
Weight control control treated treated (full dose) (half dose)
value
MeantSD MeantSD MeantSD MeantSD MeantSD
MeantSD
153.50+£12.9 147.0048.2 | 142.25+7.6 132.00+6.4 | 133.00+11.
Week-0 140.0045.40 0.11
2 1 3 6 25
164.13+£13.8 189.5049.3 | 183.13%7.7 170.00+4.6 | 170.00+10.
Week-1 177.2548.28 0.01
3 0 0 0 85
Week2 173.88+12.8 220.63+7.3 | 208.75%10. 215.00+11.0 200.25+6.8 | 213.25+13. <0.00
eek-
7 7 08 1 6 23 1
Week-3 184.50+11.3 248.13+7.0 | 243.75%10. 243.88+14.8 249.88+12. | 261.25+19. <0.00
eek-
1 8 26 8 10 33 1
Week-4 186.38+12.1 210.00+17. | 222.75+£15. 217.25+11.8 222.13+14. | 241.50+22. <0.00
eek-
8 34 13 8 88 58 1
203.13+16.4 190.50+13. 199.25+18. 200.00+11.9 203.75+20. | 227.75%30.
Week-5 0.013
8 60 15 9 23 50
221.88+23.2 161.50+16. 181.50+32. 183.50+14.8 200.50+29. | 222.75%46.
Week-6 0.001
4 12 89 4 71 97
Week-7 236.00+26.8 151.88+19. 171.38436. 173.63+25.4 184.63+35. | 220.00+49. <0.00
eek-
6 55 04 4 23 58 1
Week-8 258.88+26.9 174.38+22. 178.63+38. 182.25+31.1 192.88+37. | 222.13+50. <0.00
eek-
0 55 89 8 87 14 1
F-test 68.55 27.79 48.51 41.97 23.28
35.80
p-value
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Body weights of groups B, C, D, E and F increased
from 147.00+8.21, 142.25+7.63, 140.00+5.40,
132.0046.46 and 133.00+11.25 g at week O to
210.00+£17.34,  222.75%15.13, 217.25+11.88,
222.13+14.88 and 241.50+22.58 g respectively at
week 4. Body weights were reduced to
174.38+22.55, 178.63+38.89, 182.25+31.18,
192.88+37.87 and 222.131+50.14 g in groups B, C, D,
E and F respectively at week 8. Hepatic steatosis
was examined at week 8 in 48 slides. The frequency
and percentage of fatty change in group A, B, C, D,
E and F were measured. Grade 0 (absent) hepatic

steatosis was noted in 7 (87.5%) of group A rats and
mild hepatic steatosis (grade 1) in 1 (12.5%) rat. In
group B, 2 (25%) and 6 (75%) rats had moderate
(grade 2) and severe (grade 3) hepatic steatosis,
respectively. In group-C rats,5 (62.5%) had mild, 2
(25%) had moderate and 1 (12.5%) had severe
steatosis. Likewise in group-D rats, 3 (37.5%) had
mild, 4 (50%) had moderate and 1 (12.5%) had
severe steatosis. In group E, 3 (37.5%) and 1 (12.5%)
rat had mild and moderate hepatic steatosis,
respectively. The number of rats having a mild
hepatic steatosis in group F were 4 (50%). Rest of
the rats in group E and F did not show steatosis
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Table II: Effect of zinc and canagliflozin on grading of hepatic steatosis in rats (n=48) given as
number and percentage of animals (Kruskal-Wallis ANOVA)
GradeO Gradel Grade2 Grade3 Kruskal-Wallis Test
(absent) (mild) (moderate) (severe)
Groups n % n % n % n % Mean Kruskal-
Rank WallisH
32.967
A 7 87.5 1 12.5 0 0.00 0 0.00 9.94 p-value
<0.001
B 0 0.00 0 0.00 2 25 6 75.0 42.38
C 0 0.00 5 62.5 2 25 1 12.5 29.25
D 0 0.00 3 375 4 50 1 12.5 32.38
E 4 50 3 37.5 1 12.5 0 0.00 17.31
F 4 50 4 50.0 0 0.00 0 0.00 15.75

(grade 0). After applying Kruskal-Wallis ANOVA,
significant difference was observed in steatosis
between group A, B, C, D, E and F with p<0.001.

Discussion
There was equivalent effect of low and high dose

canagliflozin when combined with zinc sulphate and
this combination therapy significantly improved
hepatic steatosis and weight loss in type-2 diabetes
induced by streptozotocin and high fat diet in rats.
Weight loss and decreased lean body mass is usually
observed in uncontrolled diabetes mellitus and is
attributed to insulin resistance®. Restoration of body
weight was not observed in the treatment groups (C,
D, E and F) at week 8, after giving the treatments for
four weeks. The decrease in weight due to treatment
with canagliflozin is primarily because of its osmotic
diuretic effect resulting in high renal glucose
elimination and caloric loss'®. Similarly, zinc
supplementation has been shown to reduce weight
when given in obese individuals because of its
11, NASH (nonalcoholic

steatohepatitis) is a usually a part of non-alcoholic

insulino-mimmetic action

fatty liver disease (NAFLD) and it is commonly seen

in diabetes, obesity and metabolic syndrome. NASH
is relatively a benign form of steatosis and does not
involve hepatocellular injury®. Different grading
systems are used for NASH to assess its severity. As
mentioned earlier, NASH-CRN system has been
employed this study!?. Rats of all the experimental
groups except the negative control were fed on a
high fat diet and it is a well-known fact that this type
of diet is responsible for inducing obesity in the rats
and decreasing insulin resistance. Furthermore,
diabetes itself is associated with significant hepatic
steatosis, as evident by the histological examination
of the liver sections of the rats of positive control
group, which exhibited severe hepatic steatosis
(grade 3)3. This steatosis was abolished to some
extent in the rats of group C, through the oral intake
of zinc for four weeks. This hepatic protection and
prevention of hepatic steatosis provided by zinc has
been documented already in the diabetic-induced
models of rats and is attributed to the antioxidant
properties of zinc'®. Rats of group D, after having
complete treatment with canagliflozin for four
weeks, were able to fix the hepatic steatosis to some
degree, although less than that with zinc. The role of
steatosis

canagliflozin in correcting hepatic
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associated with diabetes has not been established
yet, however canagliflozin caused marked reduction
in the hepatic weight of ZDF rats in another study.?®
There is evidence suggesting that drugs belonging to
the same class significantly improved hepatic
damage in STZ-induced diabetic rats and prevented
hepatic steatosis in these animals. **¥” Group E and
F rats showed even better results of reduction in
hepatic steatosis because these groups were given a
combination of zinc and canagliflozin, both of which
acted synergistically to decrease the hepatic
steatosis. Existing studies also show that adding zinc
to other therapeutic agents improved their efficacy
in preserving the hepatic architecture of STZ-
induced diabetic rats*®.

Conclusion
The present study has demonstrated that the
combination of Zinc sulphate and Canagliflozin

produced a pronounced effect on type 2 diabetic rat
model in controlling hepatic steatosis and improving
body weight than either of them used alone.
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