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sample were collected for biochemical parameters estimation. Results:
Administration of Yoyo bitters significantly (p<0.05) increased the body weight, feed intake
with significant (p<0.05) reduced in water intake. The plasma blood glucose, triglycerides
(TG), total cholesterol (TC) and low density lipoprotein cholesterol (LDL-C) levels were
significantly (p<0.05) lower in Yoyo bitters treated group, whereas the high density
lipoprotein cholesterol (HDL-C) level significantly (p<0.05) increased. Furthermore, Yoyo
bitters administration significantly (p<0.05) reduce the malondialdehyde (MDA) level and
significantly (p<0.05) increase total antioxidant capacity (TAC), reduced glutathione (GSH),
superoxide dismutase (SOD), glutathione perioxidase (GPx) and Catalase (CAT) levels. Liver
enzymes and kidney function parameters were also deccreased (p<0.05) significantly.

Conclusion: The result of these findings demonstrated that Yoyo bitters possess
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hypoglycemic, anti-dyslipidemic and antioxidant properties. Yoyo bitters can be a source of

alternative therapy for diabetes against the synthetic drugs.
KEYWORDS: Yoyo bitters, Diabetes mellitus, Hyperglycemia, Dyslipidemia, Antioxidant.

INTRODUCTION

Diabetes mellitus and its associated complications are foremost chronic diseases threatening
human life and globally reduce quality of life for patient.) Diabetes prevalence is rapidly
increases and according to the International Diabetes Federation (IDF), nearly estimated 451
million individual were suffering from diabetes in 2017 worldwide and this figure is
projected to reach 578 million by 2030, and 700 million by 2045 if the current diabetes
growth rate persist./?

Diabetes mellitus (DM) is a common chronic metabolic disorder of several etiologies
characterized by persistent hyperglycemia, resulting from alteration in carbohydrate, protein,
and lipid metabolism due to dysfunction of pancreatic beta-cells insulin secretion, insulin
action in peripheral tissues or both.®! Chronic hyperglycemia, polyphagia, polyuria,
polydipsia, glycosuria, coupled with excessive weight loss are the common clinical diagnosis

symptoms of diabetes.™!

Long-term uncontrolled hyperglycemia is associated with dyslipidemia, generation of
reactive oxygen species, and declining antioxidant defence enzymes level.® Chronic
hyperglycemia and diabetic dyslipidemia associated with elevate levels of free radical and the
concurrent decline of antioxidant defense system lead to numerous long-term diabetic
complications includes micro-vascular damage neuropathy, nephropathy, and retinopathy,
and macro-vascular complications cardiovascular disease, stroke, and peripheral vascular
disease.’® Oxidative stress also plays a major role in the diabetes progression, pathogenesis

of cellular damage, and innumerable diabetic complications.!®!

Till date, there’s no proper effective therapeutic drug to combat and manage this particular
disease. The existing synthetic oral hypoglycemic drugs for treatment and management of
diabetes have many noxious effects and limit their uses.l*® These limitations of synthetic
anti-diabetic drug necessitate the search for alternative therapy that may be effective without

or less toxic for treating diabetes.
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The uses of mono and polyherbal formulations with minimum side effects than the synthetic
drugs have been reported to be effective for curable of different diseases.*™ They are mixture
of several bioactive chemical compounds from different plant parts with therapeutic potential
and are often characterized with the bitter taste.*”l Yoyo Bitters is a polyherbal formulation
commonly used in Nigeria which contained Aloe vera, Acinos arvensis, Citrus aurantifolia,
Chenopodium murale and Cinamomum aromaticum. Majority of Yoyo Bitters compounds
acclaimed anti-cancer, anti-tumor, anti-ulcer, anti-viral, anti-hyperlipidermic, anti-diabetic,
antioxidant, hepato-protective, immune-modulatory and detoxifying properties similar to
other bitters due to its phyto-constituents mixture.l***®! Therefore, this study investigated the
hypoglycemic, anti-dyslipidemic and antioxidant potential of Yoyo Bitters in streptozotocin-

induced diabetic male Wistar rats.

MATERIALS AND METHODS
Chemicals and Drugs: Yoyo Bitters, Glimepiride, Streptozotocin (STZ), Ketamin and
Xylazine.

Experimental Animals

Forty (40) male Wistar albino rats weighing between 180-200g were used for the study. The
animals were purchased from the Animal House of Physiology Department, Ladoke Akintola
University of Technology, Ogbomoso, Oyo state, Nigeria. The animals were housed in a
plastic cage of 10rats/cage and acclimatized for two weeks under free contaminated
environment at room temperature (25 * 2°C), relative humidity (45+5%), 12 hours light and
12 hours dark cycle with access to commercial rats pellets feed with water add libitum before
the commencement of the experiment. All experimental protocols and handling of animals
were in compliance to the National Institutes of Health Guide for the Care and Use of
Laboratory Animals for Biomedical Research and were approved by the Institutional Animals

Care and Use Committee of Ladoke Akintola University of Technology.

Diabetes Induction

The animals were subjected to 12hrs fasting prior diabetes induction and a single dose of
(50mg/kgb.w) of freshly prepared streptozotocin (STZ) dissolved in 0.01 M citrate buffer
(pH4.5) was injected intraperitoneal to induced diabetes in overnight fasted rats.*”! The
animals were allowed to drink a 20% glucose solution overnight to fend off initial drug
induced hypoglycemic death. After 72hours of streptozotocin injection, fasting blood sample
were obtained from the rats’ tail tip to check the blood glucose level using one touch Accu-

www.wipr.net | Vol 10, Issue 11, 2021. |  1SO 9001:2015 Certified Journal | 114



Ajao et al. World Journal of Pharmaceutical Research

Chek glucometer and animals with fasting blood glucose level higher than 200mg/dL were

considered diabetics and selected for the experiment.

Experimental Design and Animals Treatment

The Forty (40) rats were divided into four categories of 1Orats/group. Group I: Normal
control (non-diabetic); Group Il: Diabetic rats (untreated); Group Il & IV: Diabetic rats
treated with 0.5ml/kg Yoyo Bitters (YB) and 2mg/kgbwp.o Glimepiride (GMP) respectively.
Details of the grouping were as follow.

Group I: Normal control (non-diabetic)

Group IlI: Diabetic rats (untreated)

Group I11: Diabetic rats + 0.5 ml of Yoyo Bitters

Group 1V: Diabetic rats + 2mg/kgbwp.o Glimepiride

Administration of Yoyo Bitters and Glimepiride was done orally with oral canular.
Experimental treatment period lasted for four (4) weeks with feed and water add libitum.
During the experimental treatment phase, food and water intake were measured on a daily

basis.

Plasma Blood glucose level Determination and Body weight Measurement

Body weight and blood glucose level of the rats were recorded at the beginning of the study
and every week throughout the experimental treatment period. Glucose oxidase/peroxidase
(GOD-POD) method was used to determine the plasma blood glucose level using digital
Acuu-chek glucometer and test stripes and body weight was measured with a digital

weighing scale.

Sample Collection and Biochemical Assay

At the end of the experimental treatment period, the rats were fasted overnight, anesthetized
through intraperitoneal injection of ketamine (75mg/kgb.w) and xylazine (20mg/kgb.w), and
sacrificed by cervical dislocation. Fasting blood samples were collected from the rats’ heart
via cardiac puncture into heparinized tube, centrifuge at 1500rpm for 5mins and clear

supernatant plasma was retrieved for biochemical parameters estimation.

Plasma total cholesterol (TC), triglycerides (TG) and high density lipoprotein-cholesterol
(HDL-C) levels were determined by enzymes colorimetric method using a commercial

Diagnostic Kit (Genzyme Diagnostics, MA, USA) according to manufacturer’s instruction.
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Level of plasma low density lipoprotein-cholesterol (LDL-C) were calculated using the
Friedewald formula; LDL-C = TC - HDL-C - TG/5.1*®!

Malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GPx) and
catalase (CAT) antioxidant activities levels were measured by enzymelinked immunosorbent
assay (ELISA) methods using Rat MDA, SOD, GPx and CAT commercial Elisa Kit
(Elabscince, China) followed the protocol provided by the manufacturers. Glutathione
reductase (GSH) was measured based on the method described by Gupta and Gupta.™™

The Liver enzymes such as aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP), in the plasma were determined
spectrophotometrically using standard automated techniques based on the manufacturer’s
instruction. Plasma kidney function markers urea, uric acid and creatinine were estimated

using commercially available assay kits (Siemens Health Care Diagnostics).

Statistical Analysis

Statistical Package for Social Sciences (SPSS, version 22.0) was used for data analysis. All of
the data were presented as standard error of the mean (mean £ SEM) and statistical mean
difference between groups were evaluated using one-way analysis of variance (ANOVA)
followed by bonferoni post-hoc test. Statistical difference were considered significant at p-
value less than 0.05(p<0.05).

RESULTS

Effects of Yoyo Bitters on Body weight, Food and Water intake in Streptozotocin-
Induced Diabetic Rats

Body weight and food intake of untreated diabetic rats were significantly (p<0.05) decreased
with significant (p<0.05) increase in water intake compared with non-diabetic rats (normal
control). Treatment of diabetic rats with Yoyo bitters and Glimepiride result in significant
increase in body weight, food intake and reduction of water intake when compared with
untreated diabetic rats. The increase in body weight of diabetic rats treated with Glimepiride
was higher than that of Yoyo bitters treated group. However, both Yoyo bitters and
Glimepiride treated groups showed succeeded similar effect on increased food intake near the

non-diabetic group value (figurel. a, b, and c).
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Effects of Yoyo Bitters on Blood glucose, Lipid profile and Total antioxidant capacity in
Streptozotocin-Induced Diabetic Rats

There was significant (p<0.05) increase in blood glucose level of untreated diabetic rats when
compared with non-diabetic rats (normal control). Administration of Yoyo bitters
significantly reduced the plasma blood glucose level in comparison to the untreated diabetic
rats (figure. 2a). Also, total cholesterol (TC), triglycerides (TG) and low density lipoprotein-
cholesterol (LDL-C) levels in untreated diabetic rats significantly (p<0.05) increased with
reduced high density lipoprotein-cholesterol (HDL-C) level compared to the non-diabetic
rats. Supplementation of Yoyo bitters to the diabetic rats markedly lower the TC, TG, and
LDL-C levels than Glimepiride and improved the HDL-C level respectively compared with

untreated diabetic rats (figure.2b).

Total antioxidant capacity level of untreated diabetic rats significantly (p<0.05) lower than
the control rats (non-diabetic). Treatment with Yoyo bitters elevate the total antioxidant
capacity level compared to the untreated diabetic animals (figure. 2c).

Effects of Yoyo Bitters on Antioxidant Enzymes and Oxidative Stress Markers in
Streptozotocin-Induced Diabetic Rats

There was a significant (p<0.05) decrease in the activities of reduced glutathione (GSH),
superoxide dismutase (SOD), glutathione peroxidase (GPx) and Catalase (CAT) in the
untreated diabetic rats as compared to the control rats (non-diabetic). In contrast,
malondialdehyde (MDA) level was significantly (p<0.05) increased in untreated diabetic
group when compared to the control group. Antioxidant activities of GSH, SOD, GPx and
CAT levels were significantly enhanced with depletes level of MDA in diabetic rats treated
with Yoyo bitters and reference drug in comparison to the untreated diabetic group.
Treatment of diabetic rats with Yoyo bitters remarkable lowering the MDA level and
improving the SOD and GSH levels more than the glimepiride. However, glimepiride group
exhibits higher levels of GPx and CAT than Yoyo bitter (table 1).

Effects of Yoyo Bitters on Markers of Liver Enzymes and Kidney Function in
Streptozotocin-Induced Diabetic Rats

The untreated diabetic rats demonstrated a significant (p<0.05) elevation of hepatic enzymes
activities aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline

phosphatase (ALP) compared with the non-diabetic group (normal control). Administration of
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Yoyo bitters to the diabetic rats diminished the level of hepatic enzymes AST, ALT and ALP

activities when compared to the untreated diabetic rats (table 2).

In addition, there was a significant (p<0.05) increase in plasma kidney function parameters
urea, uric acid and creatinine in untreated diabetic rats compared respectively with non-
diabetic group. The levels of urea, uric acid and creatinine were significantly reduced after
treatment with Yoyo bitter compared to the untreated diabetic group (table 2).
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Figure 1: Effects of Yoyo bitters on (a) body weight (b) water intake (c) food intake in
streptozotocin (STZ)-induced diabetic rats. Values are expressed as mean + SEM (n=10).
*significant at p<0.05 compared with control; “significant at p<0.05 compared with

untreated diabetic group.
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Figure 2: Effects of Yoyo bitters on (a) blood glucose level (b) lipid profile parameters

(c) total antioxidant capacity in streptozotocin (STZ)-induced diabetic rats. Values are

expressed as mean

+ SEM (n=10). *significant at p<0.05 compared with control;

*significant at p<0.05 compared with untreated diabetic group.

Table 1: Effects of Yoyo bitters on Oxidative Stress Parameter and Antioxidant Defence

Enzymes Level in Streptozotocin (STZ)-Induced Diabetic Rats.

. . . . Diabetic
Parameters Control Diabetic Diabetic + _0.5m|/kg +2mg/kgbwp.o
(untreated) Yoyo bitters . .
Glimepiride
MDA (UM) 406+0.16 | 8.54+0.95* 5.54 + 0.62" 5.62 +1.18"
GPx(U/L) 9.00+1.22 | 1.87+0.27* 6.00 + 0.53" 9.00 + 0.79"
SOD(Wml) 1.21+0.013 | 1.07 +0.02* 1.30 + 0.04" 1.07 £ 0.03"
CAT(mol/ml/mins) | 53.12 + 2.83 | 28.35 + 0.32* 49.41 + 2.33" 53.39 + 3.22°
GSH(mM) 3.95+0.53 | 2.79+0.13* 4,95 + 0.33" 4.28 +0.25"

Values are expressed as mean £ SEM (n=10). *significant at p<0.05 compared with control;

#significant at p<0.05 compared with untreated diabetic group.

Table 2: Effects of Yoyo bitters on Markers of Liver Enzymes and Kidney Function in

Streptozotocin (STZ)-Induced Diabetic Rats.

. . . . Diabetic +
Parameters Control Diabetic Diabetic +(_).5m|/kg 2mg/kgbwp.o
(untreated) Yoyo bitters > -
Glimepiride
Aspartate aminotransferase * # #
(AST) (U/L) 69.30 + 2.64 108.50 + 8.92 76.47+1.85 72.67 £5.61
Alanine aminotransferase - # #
(ALT) (U/L) 123.60 £ 14.87 | 226.20 + 23.76 82.27 + 7.60 88.90 + 7.48
Alkaline phosphatase (ALP) | 13700+ 714 | 35030 +3355% | 126.33+4.05" | 128.16 +5.41°
(mol/ml/mins)
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Urea (mg/dL) 20.19 + 0.67 25.66 + 1.23* 20.29 + 0.58" 20.65 + 0.61"
Uric acid (mg/dL) 3.55+0.5 4.98 + 0.44* 3.92 +0.45" 3.08 + 0.38"
Creatinine (umol) 69.21 + 4.16 140.18 + 8.28* 66.63 + 3.62" 70.97 +6.17"

Values are expressed as mean + SEM (n=10). *significant at p<0.05 compared with control;

#significant at p<0.05 compared with untreated diabetic group.

DISCUSSION

Herbal medicines have contributes enormously as an alternative or complementary therapy in
diseases alleviating. Several studies have investigated antidiabetic activities of various plants
and have confirmed potentials for therapeutic efficacies.l?> #! This study investigated anti-

diabetic potential of Yoyo bitters.

In the present study, increase in water intake, and excessive body weight loss was observed in
the diabetic group rats. The excessive water consumption by hyperglycemic rats is typical
sign of diabetes. The present results are in line with the findings reported by Parmar in which
water intake increase in hyperglycemic rats.’? The increase in water intake may be the
consequence of obligatory renal water loss combined with hyper-osmolarity in diabetes
which tends to reduce intracellular water, triggering the osmo-receptor of the thirst centre of
the brain and this result in polydipsia which leads to water intake.[”®! The decrease in body
weight in the diabetic rats might be the result of protein wasting due to insulin deficiency and
decreased sensitivity of muscle tissue to insulin.[?*?®) Also, decrease in food intake observed
in this study might contribute to the body weight loss. Improvements in diabetic conditions

were observed after administration of Yoyo bitters.

Diabetes mellitus is associated with hyperglycemia.’”? Hyperglycemia was observed in
present study as the diabetic rats showed elevated fasting blood glucose level. These findings
agree with Reham et al. who reported substantial increase in fasting blood glucose level of
diabetic rats.?® Treatments with Yoyo bitter lower the blood glucose level of the diabetic rats
which indicate hypoglycemic activity of this herb which support the result of Arhewoh et
al.’”®) The possible mechanisms of blood glucose lowering effect Yoyo bitters could be due to

potentiation of glucose induced insulin release and increasing peripheral uptake of glucose.

Dyslipidemia is a complication of diabetes and has been reported to result from excess
mobilization of fat from the adipose tissues due to under-utilization of glucose or inhibition
of the hormone sensitive lipase by insulin.*® * The observed elevated plasma levels of total

cholesterol (TC), triglyceride (TG) low-density lipoprotein cholesterol (LDL-c) and
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decreased level of high density lipoprotein cholesterol (HDL-c) of diabetic rats in this current
study are in accord with previous reports documented on elevated levels of TG, LDL and TC
in diabetic subject.®” However, on treatment of the diabetic groups with Yoyo bitters, there
were significant reductions in TG, TC, and LDL levels while HDL-c was increasing. This
observation is in consonance with the findings that most hypoglycemic plants have potentials
of ameliorating diabetic lipid metabolism abnormality.®! Several previous studies have
reported alkaloids, flavonoids, saponins, and cardiac glycosides possess a hypolipidemic
effect.®*Y These phytochemicals were present in the Yoyo bitters.

Oxidative stress has been implicated in diabetes both type 1 and 2 by increasing level of lipid
peroxidation which generate free radicals in many vital organs and subsequently decline in
activities of endogenous antioxidant enzymes.*28 In the present study lipid peroxidation
marker plasma malondialdehyde (MDA) levels were found to be higher accompanied by a
decrease in plasma antioxidant enzymes reduced glutathione (GSH), superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase (CAT) activities. These findings
corroborate previous studies.*® The changes of antioxidant parameters may be due to an
increase in reactive oxygen species (ROS) involved in diabetes mellitus production and
progression.”” Yoyo bitters and glimepiride administrations decreased the MDA level and
improved GSH, SOD, GPx and CAT levels in diabetic rats. This suggests that Yoyo bitters

have antioxidants compound that can reverse the damage caused by diabetes.

In addition to the moderation of dyslipidemia, hypoglycemic and antioxidant effects, Yoyo
bitters exhibited medicinal protective effect by reducing some markers of tissue injuries.
Yoyo bitters decreases plasma liver enzymes (ALT, AST, and ALP) and Kidney function
(creatinine, uric acid and urea) activities which were increased in diabetic rats in this study.
The effect of Yoyo bitters on liver enzyme markers and kidney function parameters is in

agreement with several other studies on effects of medicinal plant in diabetic rats./*" 4!

CONCLUSION

These findings showed that Yoyo bitters exhibit potent hypoglycemic, anti-dyslipidemic and
antioxidant activities. These therapeutic effects might stem from different phytochemicals
compound of Yoyo bitters. Therefore, Yoyo bitters can be used as alternative therapy for
diabetes and prevention of diabetes complications.
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