Original Research Article

Ameliorative effect of Curcuma longa ethanolic extract
on the histology, hepatic glycogen content and some
biochemical parameters of the liver in streptozotocin-

induced hyperglycemic rats.

ABSTRACT

Introduction:Diabetes mellitus is a life threatening disease that requires immediate medical
treatment. Numerous medicinal plants have been known for their anti-diabetic effects and Curcuma
longa (turmeric) is one of them. Its extracts have been known for their uses in the treatment or
management of diseases like diarrhoea, peptic ulcers, psoriasis; arthritis and diabetes. This is
possible due to the pharmacological properties of its health-promoting constituents.

Aims:In this study, the ameliorative potential of ethanolic extract of Curcuma longa was investigated
on the liver of hyperglycemic adult-wistar:rats.The objectives were to determine its effects on liver
histology, hepatic glycogen content and some liver biochemical parameters.

Methods: Forty (40) rats weighing between 120-180g were used for the research. Sixteen (16) rats
were used for its acute toxicity study, while twenty-four (24) rats were grouped into four. The groups
were labelled A to D and contained six rats each. Group A (normal control) rats were given food
pellets and distilled water only. Group B (diabetic control) rats were given 65mg/kg BW of
streptozotocin:, Group -C served as the metformin treated group animals were given 65mg/kg BWof
streptozotocin. + 250mg/kg BW of metformin,while Group D rats were given 65mg/kg BW of
streptozotocin + 500mg/kg BW of Curcuma longa extract. The administration of streptozotocin and
metformin were through the intraperitoneal route, while that of Curcuma longa extract was through the
oral route with the aid of anoral gavage.The administration lasted for twenty-eight (28) days, after
which the rats were made to fast overnight with access to only water. The rats were then weighed and
then anaesthetized. Whole blood was collected through cardiac puncture and blood collected for

biochemical analysis. Liver tissue was obtained for histological and glycogen content analyses.



Results: The results showed severe destruction of hepatocytes with widely spread cytoplasmic
vacuolation, loss of hepatic lobules and hepatic inflammation in the diabetic group, whereas it showed
prominent nuclei, hepatocytes and distinct sinusoidal spaces in the normal control group. The
metformin group showed an intact architecture of the liver tissue, although binucleated cytoplasmic
vacuolations of the hepatocytes were present, indicating regeneration in the liver. The Curcuma longa
extract group showed a preserved cytoarchitecture of the liver with prominent and hypochromic
hepatocytes and well out-lined sinusoids. There was a significant decrease (p<0.05) in the fasting
blood glucose level and liver enzyme activities in the metformin and extract treated groups compared
to the diabetic group (p<0.05). There was also improvement in glycogen content of the metformin and
extract treated groups in comparison with the diabetic group (p<0.05). This shows.that Curcuma longa
possesses hepato-protective properties and a strong anti-diabetic potential, thereby making it useful
in the management of diabetes mellitus and its complications.

Conclusion: The extract of Curcuma longacan be considered as an alternative drug in the
management of diabetes mellitus.
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INTRODUCTION

The liver is a vital organ in vertebrates (1) that plays a role in controlling biochemical and
physiological activities including:the regulation of glucose metabolism and in insulin clearance (2). It is
fundamental in the regulation of plasma glucose levels being an important player during both fasting
and postprandial conditions mainly through hepatic glucose production and glycogen storage and so
plays a role in:the development of metabolic diseases including diabetes mellitus “DM” (3). Diabetes
mellitus.is a metabolic disease that involves abnormally elevated blood glucose levels resulting from
the 'body’s inability to produce insulin or resistance to insulin (4,5). DM has been shown to have many
complications including cardiovascular disease (3), damage to nerves and eyes (6), encephalopathy
(7), cardiomyopathy (8) and hepatopathy (9). These traits are hypothesized to damage cell membrane
which is as a result of elevated reactive oxygen species (ROS) that are generated during
hyperglycemia (10). The production of oxygen species is needed in certain amounts for normal
metabolic processes, but when it becomes too high, it leads to oxidative stress (11). According to
research, DM is associated with a number of liver abnormalities such as abnormal glycogen

deposition, non-alcoholic fatty liver diseases “NAFLD”, fibrosis, cirrhosis, hepatocellular carcinomas,



abnormal elevated hepatic enzymes, acute liver disease and viral hepatitis (12,13). As a collection of
insulin-sensitive tissues, the liver is among the primary organs that are susceptible to the effects of
hyperglycemia-induced oxidative stress (14,15,16). Pharmaceutically, metformin is considered to be
the first choice agent for treatment of diabetes (17). It however, has undesirable side effects such as
heart burn, nausea, weight loss, headache, anemia, hypoglycemia (18). On account of this side
effects, there is advocacy for the use of medicinal plants (19) because they have been found to have
little or no side effects (20). Numerous studies have demonstrated the therapeutic effects of medicinal
plants, especially in the amelioration of tissue toxic effects caused by exposure to toxic substances
(21,22,23,24,25,26,27,28,29,30,31,32,33) and one of such plants is Curcima longa, (turmeric).
Curcuma longa is a member of the ginger family Zingiberaceae (34) and has been used for thousands
of years as a remedy in the traditional Indian and folk medicine for the cure of a large variety of
illnesses such as inflammation, infectious diseases and gastric; hepatic.and blood: disorders (35). It is
called Ata ile pupa, Gangamau and Ntu ntu in Nigeria.“Turmeric is a spice and a polyphenol
substance (36) that is obtained from the root of Curcuma longa and it possesses anti-inflammatory,
anti-platelet aggregation, antioxidant, anti-angiogenic, antimicrobial properties (37,38), antibacterial,
antimalarial, antiviral, anti-aging, anticancer,. anti-Alzheimer's disease and antifungal properties

(39,40).

MATERIALS AND METHODS

Plant acquisition, identification.and ‘preparation of extract:

The rhizomes of Curcuma longa (turmeric) were purchased at Watt market, Calabar, Cross River
state, Nigeria. It was then identified and authenticated at the department of Botany, Faculty of
Science, University:of Calabar and given a voucher number Bot/Herb/UCC/201. The fresh turmeric
rhizomes were cleaned, chopped into tiny pieces and air-dried for 7days, after which they were
grounded into powdered form. A measured amount of 950g of the powdered leaves was extracted
using 2liters of 95% ethanol for 24 hours. The extract was first double-filtered with Chess cloth, then
with filtered paper (Whatman No.1 filter paper). The filtrate (extract) was concentrated under reduced
pressure at 45°C in a rotary evaporator to 10% volume. It was then dried using a vacuum water bath,
yielding 58.99 (6.2%) of crude extract. The crude extract (paste) obtained was stored in a refrigerator
until it when required for the experiment. The extraction of these rhizomes was carried out in the main

laboratory of Biochemistry department, University of Calabar.



Experimental design:

Forty (40) rats weighing between 120-180g were obtained from the College of Medical sciences
animal house, University of Calabar. The rats were sheltered in optimal environmental conditions of
humidity, temperature and daylight/dark cycle. They were fed with were given food pellets and
distilled water only. They were kept in this environment for a period of three weeks (to allow for
acclimatization) before commencement of the experiment. Sixteen (16) rats were used for acute
toxicity test of the leaf extract, while 24 were divided into 4 groups and placed in properly ventilated
plastic cages labelled A to D, with each cage containing six rats.Group A was desighated as the
normal control group and were given food pellets and distilled water only. Group. B was the diabetic
control group and were given 65mg/kg body weight “BW” of streptozotocin “STZ".-Group C served as
the metformin treated group and were administered with 65mg/kg BWof STZ + 250mg/kg BW of
metformin, while Group D rats were given 65mg/kg BWof STZ + 500mg/kg BW of Curcuma longa
extract. The administration of STZ and metformin were through the intraperitoneal route, while that of
Curcuma longa extract was through the oral route with the aid of:an oral gavage. The administration
lasted for twenty-eight (28) days. Pre and_post-induction.of STZ fasting blood sugar, as well as weight
of the animals were assessed and these procedures were done daily throughout the course of the
administration. The rats were then finally weighedand then anaesthetized. Whole blood was collected
through cardiac puncture¢and ithe serum used for biochemical analysisinvolving liver enzymes
(Alanine aminotransferase “ALT", aspartate aminotransferase “AST’ and alkaline phosphatase
“ALP"). Liver tissue was obtained and processed for histological staining and glycogen content

analyses.

Acute toxicity test:

Sixteen rats were employed for the determination of the lethal dose “LD"s, of Curcuma longa extract
using Lorke’s method (41). The rats were separated into four groups (3 rats each) for the first phase
and received 500mg, 1000mg, 1500mg and 2000mg/kg BW respectively. They were observed for
twenty-four hours. The second phase involved two groups of 2 rats each which were given 4000mg
and 6,000mg/BW of the extract respectively. There was no death recorded and this agrees with a
study by Niranjan and Prakash which illustrated that its extract is non-lethal in any concentration (42).

The LDsowas therefore >5,000mg/kg so we decided to make use of 5,000mg/kg as the LDso. The



dose of the extract was calculated as 10% of 5,000mg/kg (equal to 500mg/kg) body weight of the
extract. The extract was dissolved in distilled water and given via oral intubation using a gavage. The

extract was then administered to the rats based on their weights.

Induction and confirmation of hyperglycemia: Diabetes was induced in overnight fasted
experimental rats by a single dose of STZ administered intraperitoneally. STZ was reconstituted in
0.5M Sodium citrate and administered at a dose of 65mg/kg.bw (43). Diabetes was confirmed 48
hours after the STZ administration using Accu-check glucometer with blood samples obtained from
tails of the Wistar rats. The blood glucose levels (mg/dl) were checked before'and after,induction. It
was also checked every three days during the administration of the metformin and plant extract to
ascertain their hyperglycemic state. The rats with fasting blood glucose levels above 250mg/dl were

deemed diabetic (44).

Biochemical study for liver AST, ALT and ALP activities:

Procedure for estimation of aspartate transaminase (AST) activity using Agappe kit based on
Reitman and Frankel (45):

a-oxoglutarate + L- aspartate —23T . | - glutamate + oxaloacetate

Oxaloacetate concentration is in proportion to aspartate consumed by the enzyme and hence its
activity is measured by monitoring the concentration of oxaloacetate hydrazone formed with 2, 4-
dinitrophenylhydrazine.

100 pl serum was added to 1 ml.of working reagent. The tubes were incubated for 1minute at 37°C
after mixing. The change in absorbance per 20 second during 1 “minute was recorded against blank
at 340 nm. Distilled water was used as blank.

Procedure for estimation of alanine transaminase (ALT) activity using Agappe kit based on
Reitman and.Frankel (45):
ALT

A-oxoglutarate  + L- alanine —— _» L-glutamate + pyruvate

Pyruvate concentration depends on the amount of L-alanine transaminase and hence the activity of
ALT is measured by monitoring the concentration of pyruvate hydrazone formed with 2, 4-

dinitrophenylhydrazine at 546nM.

100 pl of serum was added to 1 ml working reagent. After mixing tubes were incubated for 1 minute at

37°C. The change in absorbance per minute during 3 minute was recorded against blank at 340 nm.

Procedure for estimation of alkaline phosphatase (ALP) activity using Agappe kit based on
Schlebusch et al, (46):



P — Nitrophenylphosphatase __2-* ____ p-Nitrophenol + Phosphate

Alkaline phosphatase in serum, catalyzes the hydrolysis of P-Nitrophenyl phosphate to p-Nitrophenol
and phosphate. The rate of formation of P. Nitrophenol is measured as an increase in the absorbance

which is proportional to the ALP activity in the sample.

20 pl of serum was added to 1ml of working reagent. The tubes were incubated for 1 minute at 37°C.

The change in absorbance per minute during 3 minute was recorded against blank at 405 nm.

Determination of Hepatic Glycogen Content:

The measurement of glycogen levels was done using Abcam glycogen colorimetric assay kit. The
procedure is as follows: The hydrolysis enzyme mixture, development enzyme mixture and glycogen
standard were solubilized, whilethe OxiRed probe and buffers were thawed. The glycogen standard
dilution for the desired detection method was 0.4 — 2 ug/well. The samples were prepared in optimal
dilutions to fit standard curve readings. Plates were set up in duplicate for the standard (50 pL),
samples (50 pL) and background sample control wells (50 yL). 2 pL of hydrolysis enzyme mixture
was added to standard and sample wells-only. The plate was then incubated at room temperature for
30 minutes.A master mixture for glycogen.Reaction.mixture was then prepared with a development
buffer (46 L), a development enzyme, mixture (2/pL) and an OxiRed probe (2 pL). 50 pL of glycogen
reaction mixture was then ‘added to all the wells. The plate was incubated at room temperature for 30
minutes and protected from light. . The optical density of the plate was measured at 570 nm.

The concentration of glycogen (umol/pL) in the test samples was calculated as:

Glycogen concentration=

| 5

Where:Ts = amount of glycogen in the sample well calculated from standard curve (umol) and Sv =

sample volume added in the sample wells (uL).D = sample dilution factor.

Histological study with hematoxylin and eosin stain “H&E”:

The paraffin slides containing liver tissue underwent a dewaxing process involving two rounds of
exposure to xylene for a duration of 5 minutes each. Subsequently, rehydration was performed by
sequentially immersing the slides in decreasing concentrations of alcohol (100%, 95%, and 70%) and

rinsing them under tap water. Following rehydration, the sections were subjected to a 15-minute



staining procedure using hematoxylin, followed by a 5-minute rinse under tap water. To enhance
visualization, the sections were then differentiated in acid alcohol for 1 minute and subsequently
counter-stained with Eosin for another 1 minute. After a rinse in tap water, the sections underwent
dehydration and clearing using xylene. Following this, the sections were allowed to air dry, and a few
drops of dibutylphthalate polystyrene xylene “DPX” were applied to the slide surface before placing a
coverslip on top. The resulting tissue units were then taken using a digital camera connected to a light

microscope for further examination (47).

Statistical analysis:Data obtained from the experiment was analyzed statistically. using one-way
ANOVA and Duncan post hoc test using statistical package for social sciences (SPSS) software
version 26.0 for Windows. The results were presented as meanitstandard error-of mean and

considered statistically significant at p<0.05.

RESULTS AND DISCUSSION

Results:

Assessment of body weight:

The results of changes in the body weight of experimental animals after 28 days’ period were
assessed. The initial and final weights across the 28-day period are presented on figure 1. Observed
from these results was a significant (p<0.05) reduction in body weight of the experimental rats
induced with diabetes (-37.00+£5.759) after subtracting the final weight from the initial weight of the
rats. The normal centrol group A had a significant increase of +20.00+1.14g. On treatment with the
test drug (metformin), a weight increase of +0.80+1.80g was observed, while that of theCurcuma

longaextract was a decrease of -1.20+2.08g (p<0.05).

Assessment of fasting blood glucose:

The changes in fasting blood glucose “FBG” were determined in this study over the course of the 28-
day experimental period. The initial and final FBG levels are presented in figure 2. At day zero, the
blood glucose levels in all experimental groups were considered normal ranging from about 70 mg/dl
to 107 mg/dl. From the results, it can be observed that elevated blood glucose concentration was
seen in all diabetic groups following the administration of 65mg/kg body weight of STZ. The elevated
FBG level (Figure 2) of the diabetic control group only exhibited an increase (p<0.05) of-

24.40426.61mg/dl (gotten by subtracting the final FBG level from the initial FBG level after induction



with diabetes mellitus), while that of the metformin and extract treated groups had significantly
decreased FBG levels of -227.60+24.32mg/dl and -236.60+25.14mg/dI respectively (p<0.05).
Aspartate transaminase, alanine transaminase and alkaline phosphatase enzyme activities:
The results of the effects of STZ, as well as the administration of metformin and the plant extract on
serum liver enzymes (AST, ALT and ALP) are presented in figures 3 to 5. A significant increase in
activity of the three enzymes was observed in group B after treatment with STZ when compared to
the normal control group A. Upon treatment with metformin and 500mg/kg BW ofCurcuma longa
extract, the activities of the three enzymes were significantly reduced when compared to the diabetic
control group B. It was also observed that AST and ALT enzyme activities in the plant extract group
were significantly higher that of group A, while that of ALP was not significantly different (p<0.05).
Liver glycogen content:

The results of the liver glycogen content analysis across the various groups showed that the glycogen
concentration in group B was significantly higher than that of:group A rats, but significantly lower than
that of group C rats. The glycogen content in the extract treated group was found to be not
significantly different from that of groups A, B or C (p<0.05).

Histomorphological examination of the.liver:

The histological assessment of liver tissue sections/across the experimental groups revealed a
normal liver hostology in group A rats (plate 1), detailing a central vein, well out-lined sinusoids and
hepatocytes with abundant cytoplasm and prominent nuclei. In group B rats treated with 65mg/kg
body weight of STZ(plate 2), severe destruction of hepatocytes with widespread vacuolation, loss of
hepatic lobules-and hepatic inflammation were observed. There was also patchy centrilobular
necrosis. These features are indicative of hepatotoxicity.For group C rats(plate 3) treated with
metformin, an intact liver structure was observed, although binucleated cytoplasmic vacuolations of
the ‘hepatocytes were present and indicative of liver tissue regeneration. Group D rats (table 1)
treated with. 500mg/kg BW of Curcuma longa extract displayed a regenerated liver tissue with features
similar to that of group A rats. These include well outlined sinusoids, central vein and hepatocytes

having abundant cytoplasm, as well as prominent nuclei.

Discussion:

Diabetes mellitus is a major source of worry to public health, as it is also a leading factor of mortality

globally (48). Studies have shown that diabetes mellitus is associated with a number of liver



abnormalities such as fibrosis, abnormal glycogen deposition, cirrhosis, acute liver disease and
abnormally elevated hepatic enzymes (48,49,50,51,12). In general, the liver plays many vital roles
that help in the maintenance and performance of the body such as metabolism, storage, biosynthesis
and detoxification (3). It is important in the modulation of plasma glucose levels through hepatic
glucose production and glycogen storage, thereby playing a role in the development of metabolic
diseases like diabetes mellitus (3). Streptozotocin is an antibiotic that is widely used experimentally to
produce a model of type 1 and type 2 diabetes mellitus in experimental rats by causing pancreatic

islets B-cells destruction (52).

The elevated serum FBS level observed in groups B, C and D rats that were induced: with diabetes
mellitus (by treatment with 65mg/kg BW of STZ)is due to the ability of STZ to induce hyperglycemia at
a doses between 35mg/kg and 65mg/kg BW STZ administered intravenously or. intraperitoneally (53).
This agrees with many studies that have also reported successful induction of hyperglycemiawith the
STZ diabetic dose range in rats(52,54,53,44,50,49,55,56,57). Metformin qualifies as an oral anti-
diabetic drug for the treatment of type 2 diabetes (20). It reduces serum glucose level by several
mechanisms, notably through the suppression of hepatic.glucose production (58). It activates the
enzyme adenosine monophosphate kinase, resulting in the inhibition of key enzymes involved in
gluconeogenesis and glycogen synthesis in the liver (20). In this study, administration of metformin
was able to lower the serum FBG levelin group C rats. This is in agreement with studies by Za'abiet
al (59) and Horakova et-al (58) who illustrated this effect in diabetic rats.Curcuma longa extract was
also able to lower serum.FBG level in group D rats and this could be due to its wealth of antioxidants
which possess many pharmacological properties, including anti-diabetic potential (60). This is in line
with studies by Chiu et al (61), Essa et al (56) Hussain (62) and Hodaeiet al (63) who illustrated the
ameliorative effects of Curcuma longa on serum blood glucose. The possible mechanisms of the
effect of Curcuma longa on blood glucose in diabetic models can be attenuated to the reduction of the
absorption rate of carbohydrates in the gastrointestinal tract due to inhibition of the Na+ - glucose co-
transporter (64) and the fact that Curcuma longa is involved in activating of enzymes in the liver which

are associated with glycolysis, gluconeogenic and lipid metabolic process (65).

The increase in AST, ALT and ALP enzyme activity observed in the diabetic group B (treated with
65mg/kg BW of STZ) when compared to group A can be attributed to the ability of STZ to elevate liver

enzyme activity(50). This result corroborates with several studies (48), (51) that indicate that diabetes



mellitus is associated with elevated hepatic enzyme activities, that maybe a result of the liver cell
destruction or changes in the membrane permeability indicating severe hepatocellular damage as
observed by Schmatz et al. (66). The significant decrease in serum FBG seen in the metformin-
treated group after hyperglycemia induction may be due to the anti-diabetic potential of metformin
(58). A significant decrease was also seen in the Curcuma longa extract treated group and this may
be due to the pharmacological activity of its bioactive constituents. This finding is in line with studies
by Kahkasanet al (67), Rahmani et al (68), Guitierreset al (69) and Hussein et al (70)on the effect of
Curcuma longa extract on liver enzyme activity. The reduction of AST, ALT and ALP activities by the
extract is an indication of repair of tissue damage induced by diabetic complications and this is in
agreement with Shahidi and wanasundara (71) who revealed that serum, transaminase activities
returned to normal with the healing of tissue parenchyma and regeneration of hepatocytes. Thus,
administration of ethanolic extract of Curcuma longa showed protective activity against the toxic

metabolites of diabetes mellitus as is also supported by histological the findings of this study.

The glycogen content concentration revealed a_ significant increase in the diabetic control group,
compared to the normal control group. After 28 days post administration, a decrease in glycogen
concentration was observed in the groups treated with-metformin and the plant extract, but the
decrease was only significant in the metformin treated group compared to the diabetic control group.
The result suggests that metformin had a more potent effect in enhancing this parameter (P<0.05).
The decrease in glycogen content by metformin may be due to its anti-diabetic potential (50), while
the decrease by Curcuma.longa extract could be linked to glucokinase activity and repression of
glycogen content through. enzyme Glucose 6-phosphate dehydrogenase and phosphoenolpyruvate
carboxykinase as revealed by Seo et al (64). It may also be due to the fact that Curcumia longa
increases glycogenesis and inhibits glycolysis in the liver, since deficiency of insulin in diabetic state
inactivates the glycogen synthetase enzyme and leads to increased glycogen content in diabetic
patients (72).This observation about Curcuma longa extract on hepatic glycogen content was also

noticed in a study by Xie et al (73).

In this study, the diabetic control group displayed a distorted liver microstructure exhibiting necrosis,
vascular obstruction and cellular degeneration when compared to the normal control group A. Liver
tissue structural anomaly was due to metformin administration was also reported in a study by

Hussein et al (70) congested mild inflammation, sinusoidal congestion with fatty degeneration in the



form of fat lake in the liver. The reaction is said to be provoked by the increased production of highly
reactiveintermediates of STZ which are normally detoxified by endogenous growth stimulating
hormone (GSH) but when present in excess, can deplete GSH stores and affect liver tissue. The liver
tissue of the rats in group C (treated with metformin) showed typical healthy features as those in the
normal control group but with other minor degenerative changes.It has been postulated by Ahmad et
al (74) and Jiang et al (75) that free radical generation resulted by glucose oxidation and protein
glycation play a significant role in pathogenesis of diabetes mellitus. It was proposed that the most
important cause of liver damage in diabetic patients is hyperglycemia-induced oxidative stress and
subsequent disturbance in carbohydrate, protein or lipid metabolisms (76).The‘Liver tissue section of
diabetic rats treated with the plant extract (500mg/kg BW) exhibited features of tissue restoration with
no visible pathological lesion. The vacuolization observed in the diabetic.group and metformin treated
groups were not seen in the liver tissue of the plant extract treated greup. Thus, treatment with 500
mg/kg BW ofCurcuma longaextract attenuated this effect. The liver tissue amelioration observed in
group D rats may be due to the action of the phenolic (antioxidant) compounds present in Curcuma
longa extract (77). Phenolic compounds present.in plants have been known to possess tissue-
protective effects as seen in studies by Eruet al.(25), Eru et al.(26), Boussadiaet al.(24), Anani et
al.(21), Anani et al (22), Bassey et al (30), Oku et al (56),Eruet al.(27) and Eruet al (28). As suggested
by Sadhwani (78) and Pharm-Huy et al.(79), phenols possess the ability to counteract excessive free
radicals, thereby safeguarding cells and tissues against their toxic effects. This finding relates to the
research done by Suresh and Srinivasan (80), who reported that Curcuma longa administration
prevented hepatic lesions in STZ diabetic rats and protects against oxidative stress in hepatic cell
lines.Xia et al (81) also reported on improved liver histology in rats due to the antioxidant activity of

Curcuma longa administration after hyperglycemia induction.

CONCLUSION

The present study illustrated that administered dosage of STZ led to hyperglycemia in the rats,
leading to distortion in liver cytoachitecture, weight loss, increased liver enzyme activity and increased
hepatic glycogen content. The study also revealedameliorativeand anti-diabetic activities of Curcuma
longaethanolic extract in the various parameters. Curcuma longa therefore possesses hepato-
protective properties and a strong anti-diabetic potential, thereby making it useful in the management

of diabetes mellitus and its complications.
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Figure 1 Initial and final body weights of the different experimental
groups.
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Figure 3: Comparison of Aspartate transaminase activities (U/L) in the, different experimental
groups.
Values are expressed as Mean + SEM, n=4 (Using One way Analysis of Variance).

*= Significantly different from Group A at p<0:05

a= Significantly different from Group B at p<0.05
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Figure 4: Comparison of Alanine transaminase activities (U/L) in the different experimental groups.
Values are expressed as Mean + SEM, n=4 (Using One way Analysis of Variance).

*= Significantly different from Group A at p<0.05

a= Significantly different from Group B at p<0.05
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Figure 5: Comparison of Alkaline phosphatase activities (U/L).in the different experimental groups.
Values are expressed as Mean + SEM, n=4 (Using One way Analysis of Variance).

*= Significantly different from Group A at p<0.05

a= Significantly different from Group B at p<0.05
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Figure 6: Comparison of Glycogen content in the different experimental groups
Values are expressed as Mean + SEM, n=4 (Using One way Analysis of Variance).
*= Significantly different from Group A at p<0.05
a= Significantly different from Group B at p<0.05



Plate 1: Photomicrograph (X400) of a unit of liver tissue (H&E-
(normal control group) displayingnormal architecture with ar
cells (thin arrows) in sinusoids (red arrow) and a central v

(arrowhead), Kupfer
is seen.

Plate 2: Photomicrograph (X400) of a unit of liver tissue (H&E-stained section) of group B
rats (diabetic control group) displaying widely spread cytoplasmic vacuolation (thin red
arrow). Also seen are necrotic hepatocytes (blue arrowhead) and single-scattered macro-
vesicular steatosis (white arrowhead).



rats (metformin group) displaying hepatocytes (arrowhead) wi ucleated cytoplasmic
vacuolations (blue arrowhead), a central vein al spaces. No pathological
lesion seen.

Plate 4. Photomicrograph (X400) of a unit of liver tissue (H&E-stained section) of group D
rats (Curcuma longa extract group) displaying an array of hepatocytes (arrowhead), central
vein (CV) and Kupfer cells (thin black arrow) in the sinusoidal spaces (red arrows). The
section shows a preserved architecture of the liver.



