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ABSTRACT

The study investigated the antioxidant effect of Ruzu herbal bitters (RHB) on alloxan-induced diabetic rats, the
pH and the bioactive components of RHB using gas chromatography and mass spectroscopy (GC-MS). Fifty-four
adult albino rats were divided into nine groups of six rats each. Group 1 was the normal control. Groups 2-6 were
diabetic. Group 2 was untreated positive control, while groups 3-6 were respectively treated with 5 mg/kg b. w
of glibenclamide, 0.14, 0.29 and 0.57 ml/kg b. w of RHB for 21 days. Groups 7-9 were not diabetic but treated as
in groups 4-6 respectively. The results showed significant (p < 0.05) increase in the blood glucose level and
significant (p < 0.05) decrease in weight in diabetic untreated group compared to the normal control. The
oxidative stress parameters showed significant (p < 0.05) increases in the serum activities of superoxide dis-
mutase (SOD) and catalase (CAT), with significant (p < 0.05) decrease in glutathione peroxidase (GPx); while
there were significant (p < 0.05) increases in the levels of vitamin C (VIT C), vitamin E (VIT E), C-reactive protein
(CRP) and malondialdehyde (MDA), with significant (p < 0.05) decrease in the level of glutathione (GSH) in the
diabetic untreated group compared to the normal control group. However, treatment of the diabetic groups with
different doses of RHB resulted in the reversal of the effects to near-normal levels in a dose-dependent manner.
The pH of RHB was found to be 3.45. The GC-MS result of RHB revealed the presence of 10 bioactive compounds,
out of which four are pharmacologically important antioxidants: 11-Octadecenioc acid -Methyl esther, 2,7-Diox-
atricyclodeca-4, 9-diene, Cis-Z-a- Bisabolene epoxide, and Tetradecanoic acid (lauric acid). Thus, the study
revealed that Ruzu herbal bitters possesses antidiabetic and antioxidant activities due to the bioactive antioxi-
dant compounds it contains.

1. Introduction

thirst, increased water intake (polydipsia), blurred vision, sudden
weight loss, lethargy, and changes in energy metabolism [1].

Diabetes mellitus (DM) is a metabolic disorder affecting a great
number of world population, leading to both morbidity and mortality.
The two most common effects of DM are impaired insulin secretion as a
result of damage to the insulin-secreting p-cells of the pancreas, and
defective insulin action, otherwise known as insulin insensitivity,
whereby the presence of insulin is not able to stimulate the peripheral
tissues for glucose uptake. The consequence of the effects is abnormally
high blood glucose level, called hyperglycemia, resulting from abnormal
glucose, lipid and protein metabolism. Impaired insulin secretion and
defective insulin action are the primary causes of the two most common
forms of DM - type 1 diabetes mellitus (TIDM) and type 2 diabetes
mellitus (T2DM) respectively. Common to both forms of DM are hy-
perglycemia, excessive urine production (polyuria), compensatory
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Chronic hyperglycemia caused by diabetes mellitus increases the
production of free radicals that are associated with long-term damage,
dysfunction, and failure of various organs, especially the eyes, kidneys,
nerves, heart, and blood vessels [2,3]. Free radical damage is one of the
most prominent causes of devastating diseases that are responsible for
killing many people in the world, such as cardiovascular disease, which
can manifest as heart attacks, and cancer [4]. Reactive oxygen species
can directly damage lipids, proteins or DNA and modulate intracellular
signaling pathways [5].

Over the years, natural medicinal products comprising of different
blended plants or their extracts, known as “poly-herbal mixtures” have
been used in the treatment of ailments with better therapeutic effects for
a particular disease or multiple diseases than that of a single plant. This
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is because the individual plant contains different therapeutic agents in
which when combined together will give a better result than that of a
single plant; believed to be due to the synergistic effect of the component
plants’ phytochemicals. One of such polyherbal products is Ruzu herbal
bitters [6].

Ruzu herbal bitters (RHB) (Fig. 1) is a polyherbal mixture, produced
by Ruzu Natural Health Product and Services, Nigeria, with a NAFDAC
Registration Number: A7-1102 L. The polyherbal mixture is made up of
three different plants: 20% Uvaria chamae (bush banana), 40% Citrullus
colocynthis (bitter apple) and 40% Curculigo pilosa (squirrel groundnut).
RHB is commercially available and the manufacturers infer that the
product has the following medicinal functions amongst others, as indi-
cated in the leaflet of the product: management/treatment of diabetes,
typhoid and malaria, high blood pressure, waist and back pains, etc.

However, there have been reports that the extracts of two component
plants of RHB, Citrullus colocynthis and Uvaria chamae, caused signifi-
cant decrease in the concentration of blood glucose and ameliorated
kidney damage in alloxan-induced diabetic rats [7-9].

Based on the medicinal claims of the manufacturer of RHB with
scanty scientific proofs, there was need to carry out scientific in-
vestigations to ascertain the efficacy of RHB in the management of
diabetes mellitus and its antioxidant property using alloxan-induced
diabetic rats. Also, the determination of its pH and the bioactive com-
pounds contained in the product using gas chromatography and mass
spectroscopy (GC-MS).

2. Materials and methods

2.1. Materials: ruzu herbal bitters (RHB) was purchased from the
producer and used directly

Equipment:

Spectrophotometer (Spectro 21D PEC MEDICALS USA), centrifuge
(Techmel and techmel U.S.A), electrothermal incubator (Model: DNP),
refrigerator (Haier thermocool; HTF-429H), weighing balance (Golden-
mettler U.S.A), glucometer (Accu-Check Active, Model-GC, Roche,
Germany), pH paper, pH meter (PHS — 25 PEC Medical USA), measuring
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Fig. 1. Ruzu herbal bitters - Dosage: Adults — 2-4 tablespoons 1 or 2 times
daily. Children -1 tablespoon (5 ml) once in 3 days or as directed by physician
(Producer) (Obasi and Ogugua, 2020) [6].
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cylinder, glass wares (pyrex), sample containers.

2.1.1. Chemicals/reagents

Alloxan monohydrate (Sigma Aldrich, St. Louis, MO, USA), kits. All
the chemicals and reagents used in this research were of the purest
analytical grade commercially available.

2.1.2. Methods

2.1.2.1. Animal management. Adult inbred male Wister albino rats
(weighing between 96 and 121 g) were purchased from the animal
house of the Department of Zoology, University of Nigeria, Nsukka and
acclimatized for one week prior to commencement of the experiment.
They were kept at room temperature and maintained ad libitum on
water and feed; weighed prior to commencement of experiment and
weekly till the end of the experiment.

2.1.2.2. Induction of diabetes. Rats were fasted overnight (24 h) and
experimental diabetes was induced by intraperitoneal injection of
freshly prepared alloxan (3 g of alloxan monohydrate was dissolved in
30 ml of 0.9% w. v. normal saline to get 0.1 g/ml of alloxan) with a
single dose of 120 mg/kg body weight. After three days, rats with blood
glucose level greater than 200 mg/dl (hyperglycemia) were selected for
the experiment [10]. Only few rats showed insufficient glycemia and
there were not used for the experiment. However, they showed nor-
moglycemia after some days.

2.1.2.3. Experimental design. Dosages of 0.14, 0.29 and 0.57 ml/kg
body weight of RHB, equivalent to 10, 20 and 40 ml of RHB/70 kg body
weight adult daily, as prescribed by the producer, were chosen for the
study. Fifty-four (54) albino rats were divided into nine groups of six rats
each as follows:

(a) Group 1: Normal control rats (non-diabetic).

(b) Group 2: Positive control rats (diabetic untreated).

(c) Group 3: Standard control rats (diabetic) treated with 5 mg/kg
body weight of glibenclamide [11].

(d) Group 4: Diabetic rats treated with 0.14 ml/kg body weight of
RHB.

(e) Group 5: Diabetic rats treated with 0.29 ml/kg body weight of
RHB.

() Group 6: Diabetic rats treated with 0.57 ml/kg body weight of
RHB.

(g) Group 7: Non-diabetic rats treated with 0.14 ml/kg body weight
of RHB

(h) Group 8: Non-diabetic rats treated with 0.29 ml/kg body weight
of RHB

(i) Group 9: Non-diabetic rats treated with 0.57 ml/kg body weight
of RHB.

The baseline blood glucose levels of the rats were determined before
the induction of diabetes. The treatment, weight and blood glucose
determinations (7 days’ intervals) lasted for 21 days. The polyherbal
mixture (RHB) and glibenclamide were given to the diabetic rats as
indicated every morning (about 9:00 a.m.). At the end of the experi-
ment, blood samples were collected from the rats via ocular and cardiac
puncture on the first day of post-treatment. The blood samples were
collected in anticoagulant free bottles, allowed to clot and centrifuged at
3000 rpm for 15 min. The serum collected was used for the biochemical
assays.

2.1.2.4. Determination of blood glucose level. The blood glucose levels of
the rats were determined using a one-touch blood glucose monitoring
meter (glucometer). The Accu-Check strip was inserted into the indi-
cated area of the glucometer and allowed to show light at the point
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where a drop of blood would be placed. A lancet was used to puncture
the tail end of the rat. The tail was pressed to bring out blood which was
then placed on the indicated portion of the test strip in the glucometer.
The blood glucose level which showed on the screen of the glucometer
(in mg/dl) was recorded.

2.1.3. Oxidative stress parameters

2.1.3.1. Assay of superoxide dismutase activity. This was determined
using the method of Arthur and Boyne [12].

Principle: Superoxide dismutases (SOD) are enzymes that catalyze
the conversion of two superoxides into hydrogen peroxide and oxygen.
The principle of SOD assay was based on the inhibition of adrenaline
oxidation.

S0D
ﬂ

0, + 05 0, + H,0,
Procedure: Adrenalin (0.01 g) was dissolved in 17 ml of distilled
water and 0.1 ml of serum and 0.9 ml of phosphate buffer (pH 7.8) were
taken in triplicates in 2.5 ml buffer. A volume (0.3 ml) of adrenaline
solution was added and mixed inside the cuvette. The absorbance was
taken at 480 nm at 30 s interval for five (5) times. The changing rate of

absorbance was used to determine superoxide dismutase activity.

2.1.3.2. Assay of catalase activity. The activity of catalase (CAT) was
assayed by the method of Sinha [13].

Principle: Dichromate in acetic acid was reduced to chromic acetate
when heated in the presence of hydrogen peroxide with the formation of
per chromic acid as an unstable intermediate. The chromic acetate
formed was measured at 590 nm. Catalase was allowed to split HoO5 for
different periods of time. The reaction was stopped at different time
intervals by the addition of dichromate acetic acid mixture and the
remaining HoO5 was determined by measuring chromic acetate colori-
metrically after heating the reaction mixture.

Procedure: To 0.9 ml of phosphate, 0.1 ml of plasma and 0.4 ml of
H,0, were added. The reaction was stopped after 15, 30, 45 and 60 s by
adding 2 ml of dichromate acetic acid mixture. The tubes were kept in a
boiling water bath for 10 min, cooled and the colour developed was read
at 530 nm. Standards in the concentration range of 20-100 pmol were
processed for the test. The activity of catalase was expressed as U/ml for
plasma (U- micro moles of HyO, utilised/second).

log [abs 1/abs 2] x 0.23

Catalase Activity (Unit/L)= 0.00693

2.2. Assay of glutathione peroxidase activity

Gluthathione peroxidase (GPx) activity was assayed based on the
method of Paglia and Valentine [14].

Principle: Gluthathione peroxidase catalyses the oxidation of
glutathione (GSH) by colourless liquid hydrocarbon hydroperoxide. In
the presence of glutathione reductase (GR) and NADPH, the oxidized
glutathione (GSSG) is immediately converted to the reduced form with
concomitant oxidation of NADPH to NADP™. The decrease in absorbance
at 340 nm is measured.

GPx

2 GSH + ROOH — GSSG + ROH + H,0
GR
GSSG + NADPH + H' - NADP" + 2 GSH

Procedure: A known volume of the sample (0.1 ml) was added into a
test tube. Then, 0.1 ml of diluted reagent 1 (R1) was mixed with 0.1 ml
of reagent 2 (R2) and was added into the test tube and mixed. The initial
absorbance was taken after 30 s and the final absorbance was taken after
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1 min at 340 nm. Glutathione peroxidase activity was calculated from
the formula:

GPx (U/L) = 8412 x A 340 nm/min

2.3. Determination of reduced glutathione concentration

The reduced glutathione (GSH) level was determined by the method
of Exner et al. [15].

Principle: This method was based on the development of yellow
colour when 5,5~ dithio-bis-2-nitrobenzoate (DTNB) is added to com-
pound containing sulphydryl groups. The colour developed was read at
412 nm in spectrophotometer.

Procedure: A volume of 0.2 ml of sample was mixed with 1.8 ml of
EDTA solution. To this, 3.0 ml of precipitating reagent was added, mixed
thoroughly and kept for 5 min before centrifugation. To 2 ml of the
filtrate, 4 ml of 0.3 M disodium hydrogen phosphate solution and 1 ml of
DTNB reagent were added and the colour developed was read at 412 nm
in spectrophotometer. A set of standard solutions containing 20-100 pg
of reduced glutathione was treated similarly. The values were expressed
in mg/dl for plasma.

2.4. Determination of vitamin C concentration

Vitamin C (ascorbic acid) concentration was determined by the
method described by Angirekula et al. [16]. Determination was made
after devitalisation with 2, 4 dinitrophenylhydrazine.

Principle: Ascorbic acid is oxidized by copper to form dihy-
droascorbic acid and diketoguloric acid. These products are treated with
2, 4 DNP to form a derivative of bis 2,4 dinitrophenylhydrazine. This
compound in conc. HSO4 undergoes a rearrangement to form a product
with an absorption band that is measured at 520 nm. This reaction is
seen in the presence of thiourea to provide an unduly reducing reaction
which helps to produce an inter substance from non-ascorbic acid
chromogens.

Reagents

1. TCA (trichloroacetic Acid) 5% and 10% in distilled water

2. 2,4 dinitrophenylhydrazine/thiourea/copper (DTC) solution (add
0.4 g thiourea, 0.05 g CuSO4 5H»0 and 30 g 2, 4 dinitrophenylhy-
drazine and bring to a total volume of 100 ml with 9 NH2SO4.

3. A 65% HySO4

Procedure: Serum (1 ml) of and 1 ml of ice cold 10% TCA were
mixed well and centrifuged for 20 min at 3500 rpm. Then, 0.5 ml of
supernatant and 1 ml of DTC were taken and incubated for 3 h at 37 °C.
To convert this into an inter arrange product, 0.75 ml of ice cold 65%
H3SO4 was added. Then mixed well and cooled. The final product was
read at 520 nm.

2.5. Determination of vitamin E concentration

Vitamin E (Alpha Tocopherol) content was determined by the
method of Pearson [17].

Principle: This method involves the conversion of ferric ions to
ferrous ions by a-tocopherol and the formation of red coloured complex
with a, a-dipyridyl. Absorbance of chromophore was measured at 520
nm in the spectrophotometer.

Procedure: To 0.5 ml of serum, 1.5 ml of ethanol was added and
mixed. To this was added 1.0 ml of «, a-dipyridyl solution and 1.0 ml of
ferric chloride solution and mixed. The colour developed was read at
520 nm in the spectrophotometer. Values were read as mg/dl of serum.
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2.6. Determination of C-Reactive protein concentration

C-reactive protein (CRP) was determined by turbidmetric immuno-
assay method [18].

Principle: TURBILYTE-CRP is a turbidmetric immunoassay for the
determination of C-reactive protein in human serum and is based on the
principle of agglutination reaction. The test specimen is mixed with
activation buffer (R1), TURBILYTE-CRP latex reagent (R2) and allowed
to react. The presence of CRP in the test specimen results in the for-
mation of an insoluble complex producing a turbidity, which is
measured at 630 nm wavelength. The increase in turbidity correspond to
the concentration of CRP in the specimen.

Procedure: Into two cuvettes were respectively pipetted 450 pl of R1
and 50 pl of R2 for calibration (standard) and sample, mixed and
incubated for 5 min. Next, 5 pl of calibrator and sample were added into
their respective cuvettes and mixed well. The absorbance Al at 10 s and
A2 at 2 min were read at 630 nm using a spectrophotometer.

Calculation

Agmpie X Conc. of standard )

CRP Conc.(mg/dl):

Aslandard

2.7. Determination of malondialdehyde concentration

Lipid peroxidation was estimated by measuring spectrophotometri-
cally the level of the lipid peroxidation product, malondialdehyde
(MDA) as described by Wallin et al. [19].

Principle: Lipid degradation occurs forming such products as
malondialdehyde (from fatty acids with three or more double bonds),
ethane and pentane (from the n-terminal carbons of 3 and 6 fatty acids,
respectively). MDA reacts with thiobarbituric acid to form a red or pink
coloured complex which in acid solution absorbs maximally at 532 nm.

Procedure: A volume, 0.1 ml of the serum was mixed with 0.9 ml of
H0 in a test tube. A volume, 0.5 ml of 25% TCA (trichloroacetic acid)
and 0.5 ml of 1% TBA (thiobarbituric acid) in 0.3% NaOH were also
added to the mixture. The mixture was boiled for 40 min in water-bath
and then cooled in cold water. Then 0.1 ml of 20% sodium dodecyl
sulfate (SDS) was added to the cooled solution and mixed properly. The
absorbance was taken at wavelength 532 nm and 600 nm against a
blank.

Calculation

A532 — A600 x 100(mg protein)

% TBARS = 0.5271 x 0.1

Statistical Analysis: The data obtained from the laboratory tests
was subjected to one-way analysis of variance (ANOVA). Significant
differences were obtained at P < 0.05 and the results were expressed as
mean =+ standard error of mean (SEM). The SPSS version 20 and
Microsoft excel 2007 software were used.

3. Results
3.1. Blood glucose level

The effect of RHB on the blood glucose levels (mg/dl) of the rats is
presented in Table 1. Administration of alloxan caused a significant (p <
0.05) increase in the blood glucose levels (BGL) of the rats when
compared to their baseline BGL. There was a significant (p < 0.05) in-
crease in the BGL of the diabetic-untreated group from day O of the
baseline (70.00 + 66.97) to diabetes induction (241.25 + 36.42), and
progressively to the day 21 (514.3 + 8.06); unlike the normal control
group where there was a gradual increase in the BGL from day 0 (78.50
+ 4.80) to the day 21 (88.25 + 2.06) of the experiment. However,
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Table 1
Effects of Ruzu herbal bitters (RHB) on blood glucose levels of alloxan-induced
diabetic rats.

Blood glucose levels in mg/dl expressed in mean + S.D

GROUPS DAY 0 DIABETES DAY 7 DAY 14 DAY 21
(DAY 0)

GROUP 78.50 + 86.25 + 83.69 + 88.25 +
1 4.80° 5.19%° 9.00%° 2.06°
GROUP 70.00 + 241.25 + 294.75 + 379.70 + 514.3 +
2 66.97° 36.42° 7.14° 3.39¢ 8.06°
GROUP 76.00 + 384.00 + 159.67 + 91.33 + 72.33 +
3 11.79° 6.00° 10.60° 17.922 14.57%
GROUP 70.33 + 296.67 + 134.00 + 96.00 + 79.67 +
4 2.08° 147.55° 34,512 6.00° 15.04°
GROUP 84.00 + 304.67 + 157.66 + 103.33 + 81.00 +
5 6.08° 21.08¢ 8.96" 8.08° 14.52°
GROUP 68.00 + 330.67 + 183.67 + 103.33 + 62.67 +
6 5.20° 167.16° 6.42° 10.97° 9.71°
GROUP 79.25 + 84.75 + 81.75 + 75.50 +
7 9.11° 5.68° 4.79° 4,932
GROUP 84.33 + 82.00 + 76.00 + 70.33 +
8 8.02° 3.46°° 7.94%° 4.16%
GROUP 81.33 + 77.33 + 71.33 + 66.33 +
9 5.03¢ 4,73 6.85°" 1.15°

Mean values with different letters as superscripts across the rows are considered
significant (p < 0.05).

(* Within a row, least square means without a common superscript differ (p <
0.05) due to variations in the blood glucose levels).

Group 1: normal control; Group 2: diabetic - untreated; Group 3: diabetic treated
with 0.5 mg/kg b.w. of glibenclamide.

Group 4: diabetic treated with 0.14 ml/kg b.w. of RHB; Group 5: diabetic treated
with 0.29 ml/kg b.w. of RHB.

Group 6: diabetic treated with 0.57 ml/kg b.w. of RHB; Group 7: non-diabetic
treated with 0.14 ml/kg b.w. of RHB.

Group 8: non-diabetic treated with 0.29 ml/kg b.w. of RHB; Group 9: non-
diabetic treated with 0.57 ml/kg b.w. of RHB.

DAY 0 = baseline blood glucose level; DIABETES (DAY 0) = blood glucose level
after induction of diabetes.

treatment of the diabetic groups 4, 5 and 6 with 0.14, 0.29 and 0.57 ml/
kg b. w of RHB respectively, resulted in significant (p < 0.05) decreases
in their BGL in a dose dependent manner. Also, for the non-diabetic
groups 7, 8 and 9 treated with 0.14, 0.29 and 0.57 ml/kg b. w of RHB
respectively; there was no significant (p < 0.05) decrease in the blood
glucose levels in group 7 (79.25 + 9.11 to 75.50 + 4.93) but there were
significant (p < 0.05) decreases in groups 8 (84.33 + 8.02 to 70.33 +
4.16) and 9 (81.33 + 5.03 to 66.33 + 1.15) within the 21 days of
treatment.

3.1.1. Body weight

Table 2 shows the effect of Ruzu herbal bitters (RHB) on the body
weight (g) of alloxan-induced diabetic rats. There was a significant (p <
0.05) increase in the body weight of the normal control group from day
0 (117.03 + 15.14) to the day 21 (139.27 + 14.38) of the experiment.
The body weight of the diabetic-untreated group showed significant (p
< 0.05) decrease from day O before induction of diabetes (104.57 +
28.25), after induction of diabetes (99.00 + 23.19 to the day 21 (75.10
+ 5.66) of the experiment. For the diabetic groups 4, 5 and 6 treated
with 0.14, 0.29 and 0.57 ml/kg b. w of RHB respectively, there were
significant (p < 0.05) increases in the body weight from day 0 to day 21
in a dose dependent manner; which is comparable to that observed in
the diabetic group 3 treated with 0.5 mg/kg b. w. of glibenclamide. Also,
for the non-diabetic groups 7, 8 and 9 treated with 0.14, 0.29 and 0.57
ml/kg b. w of RHB respectively, there was significant (p < 0.05) in-
creases in the body weight from day O to the day 21 of treatment com-
parable to that of the normal control.
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Table 2
Effects of Ruzu herbal bitters (RHB) on the body weights of alloxan-induced
diabetic rats.

Body weights in g expressed in mean + S.D

GROUPS DAY 0 DIABETES DAY 7 DAY 14 DAY 21
(DAY 0)

GROUP 117.03 + 12210 & 12835+  139.27 +
1 15.14° 12.832 15.10° 14.38¢
GROUP 10457 +  99.00 + 94.97 + 83.67 + 75.10 +

2 28.25¢ 23.19% 18.93¢ 12.34° 5.66°
GROUP 119.37 +  121.80 + 12586 + 14053+  151.60 +
3 9.26" 9.312 4.30° 11.09° 10.53¢
GROUP 101.20 +  108.20 + 11467 + 12173+ 13273+
4 0.31° 9.49° 13.55%" 5.27> 21.07°
GROUP 113.87 +  116.40 + 122.67 + 12933+  134.00 +

5 7.24° 8.13° 6.81%° 1.53% 1.48¢
GROUP 121.07 + 13157 + 13517 + 14117+  144.97 +
6 9.62° 3.38" 2,58 2.05¢ 2.97¢
GROUP 111.55 + 117.90 +  127.05+  137.15+
7 14.16% 14.26% 9.30% 11 .43°
GROUP 100.64 + 112.88 =  128.93+  131.10+
8 15.13% 11.122 13.04° 12.58°
GROUP 96.44 + 11685+ 12950 +  136.23 +
9 18.25° 9.29° 13.56" 9.80°

Mean values with different letters as superscripts across the rows are considered
significant (p < 0.05).

(*“ Within a row, least square means without a common superscript differ (p <
0.05) due to changes in body weights of the rats).

Group 1: normal control; Group 2: diabetic - untreated; Group 3: diabetic treated
with 0.5 mg/kg b.w. of glibenclamide; Group 4: diabetic treated with 0.14 ml/kg
b.w. of RHB; Group 5: diabetic treated with 0.29 ml/kg b.w. of RHB.

Group 6: diabetic treated with 0.57 ml/kg b.w. of RHB; Group 7: non-diabetic
treated with 0.14 ml/kg b.w. of RHB.

Group 8: non-diabetic treated with 0.29 ml/kg b.w. of RHB; Group 9: non-
diabetic treated with 0.57 ml/kg b.w. of RHB.

DAY 0 = initial body weight; DIABETES (DAY 0) = body weight after induction
of diabetes.

3.1.2. Oxidative stress markers

The result of the effect of Ruzu herbal bitters (RHB) on some serum
oxidative stress markers of alloxan-induced diabetic rats is presented in
Table 3.

3.1.3. Superoxide dismutase (SOD) activity (U/L)

The activity of superoxide dismutase (SOD) increased significantly
(p < 0.05) in the diabetic untreated group (11.72 + 0.25) compared to
that of the normal control group (11.08 + 0.44). There was no signifi-
cant (p < 0.05) difference but gradual decrease in SOD activity in the

Table 3

Biochemistry and Biophysics Reports 27 (2021) 101057

RHB treated diabetic groups 4 (11.40 + 0.21), 5 (11.26 + 0.13) and 6
(11.18 £ 0.20) in a dose dependent manner, which are not significantly
different from that of diabetic group 3 treated with 0.5 mg/kg b. w. of
glibenclamide (11.22 + 0.11) and the normal control group. Likewise,
there was no significant (p < 0.05) difference in SOD activities of the
RHB treated non-diabetic groups 7 (11.12 + 0.14), 8 (11.13 £ 0.17) and
9 (11.15 + 0.30), when compared with that of the normal control group.

3.1.4. Catalase (CAT) activity (U/L)

Catalase (CAT) activity increased significantly (p < 0.05) in the
diabetic untreated group (17.70 + 0.1 6) compared to that of the normal
control group (10.83 + 0.60). The RHB-treated diabetic groups 4 (15.18
+ 0.32), 5(14.05 + 0.46) and 6 (11.83 + 0.43) showed significantly (p
< 0.05) decreased catalase activity in a dose dependent manner. There
was no significant (p < 0.05) difference in the catalase activities of
group 6 treated with 0.57 ml/kg b. w of RHB and that of diabetic group 3
treated with 0.5 mg/kg b. w. of glibenclamide (11.62 + 0.36). Also,
there was no significant (p < 0.05) difference in catalase activity
observed in the RHB treated non-diabetic groups 7 (11.08 + 0.38), 8
(11.06 + 0.04) and 9 (11.02 + 0.31), when compared with that of the
normal control group.

3.1.5. Glutathione peroxidase (GPx) activity (U/L)

Glutathione peroxidase (GPx) activity decreased significantly (p <
0.05) in the diabetic untreated group (56.34 + 1.28) compared to that of
the normal control group (67.52 + 0.75). However, the GPx activity
increased significantly (p < 0.05) in the RHB treated diabetic groups 4
(59.59 + 0.66), 5 (61.22 + 1.73) and 6 (64.02 + 2.91) in a dose
dependent manner. There was no significant (p < 0.05) difference in the
GPx activities of the RHB treated non-diabetic groups 7 (65.97 + 1.08),
8 (65.82 + 0.96) and 9 (66.60 + 1.02); when compared with that of the
normal control group.

3.1.6. Glutathione (GSH) concentration (mg/dl)

There was a gradual decrease with no significant (p < 0.05) differ-
ence in glutathione (GSH) concentration observed in the diabetic un-
treated group (2.19 + 0.22) compared to that of the normal control
group (2.50 £ 0.16). Similarly, there were no significant (p < 0.05)
differences in GSH concentrations in both the RHB-treated and non-
treated groups when compared with that of the normal control group.

3.1.7. Vitamin C (VIT C) concentration (mg/dl)
Vitamin C concentration increased significantly (p < 0.05) in the
diabetic untreated group (0.74 + 0.07) compared to that of the normal

Effect of Ruzu herbal bitters (RHB) on some serum oxidative stress markers of alloxan-induced diabetic rats.

Oxidative stress markers expressed in mean + S.D

GROUPS SOD (U/L) CAT (U/L) GPx (U/L) GSH (mg/dl) MDA (mg/mL) VIT C (mg/dl) VIT E (mg/dl) CRP (mg/dl)
GROUP 1 11.08 + 0.44° 10.83 + 0.60? 67.52 + 0.75° 2.50 + 0.16% 4.77 +0.19° 0.60 + 0.04* 1.95 + 0.07° 1.30 + 0.11%
GROUP 2 11.72 + 0.25° 17.70 + 0.1 6° 56.34 + 1.28° 2.19 + 0.22* 5.59 + 0.11¢ 5.59 + 0.11¢ 2.14 + 0.06° 1.70 + 0.02°
GROUP 3 11.22 + 0.11% 11.62 + 0.36" 62.06 + 0.98° 2.34 + 0.12% 4.99 + 0.28% 0.61 + 0.05% 2.00 + 0.06% 1.40 + 0.05%°
GROUP 4 11.40 + 0.21° 15.18 + 0.32¢ 59.59 + 0.66" 2.33 + 0.29% 5.28 + 0.20° 0.64 + 0.07% 2.10 + 0.03% 1.45 + 0.04°
GROUP 5 11.26 + 0.13% 14.05 + 0.46° 61.22 + 1.73% 2.35 + 0.11%° 5.05 + 0.14% 0.62 + 0.03* 2.02 + 0.06% 1.38 + 0.23%
GROUP 6 11.18 + 0.20° 11.83 + 0.43° 64.02 + 2,919 2.41 + 0.56% 4.84 + 0.31%° 0.59 + 0.08% 1.98 + 0.11%° 1.38 + 0.23%
GROUP 7 11.12 + 0.1 4° 11.08 + 0.38? 65.97 + 1.08° 2.42 + 0.79% 4.76 + 0.23° 0.59 + 0.06% 1.95 + 0.16 1.29 + 0.10°
GROUP 8 11.13 + 0.17° 11.06 + 0.04* 65.82 + 0.96° 2.45 + 0.38% 4.73 +0.15° 0.60 + 0.04* 1.97 +0.18% 1.31 + 0.04°
GROUP 9 11.15 + 0.30° 11.02 + 0.312 66.60 + 1.02° 2.77 + 0.51° 472 4+ 0.17° 0.59 + 0.03% 1.97 +0.13% 1.32 + 0.03*

Mean values with different letters as superscripts down the columns are considered significant (p < 0.05).

(**° Within a column, least square means without a common superscript differ (p < 0.05) due to variation of the tested parameter).

Group 1: normal control; Group 2: diabetic - untreated; Group 3: diabetic treated with 0.5 mg/kg b.w. of glibenclamide.

Group 4: diabetic treated with 0.14 ml/kg b.w. of RHB; Group 5: diabetic treated with 0.29 ml/kg b.w. of RHB.

Group 6: diabetic treated with 0.57 ml/kg b.w. of RHB; Group 7: non-diabetic treated with 0.14 ml/kg b.w. of RHB.

Group 8: non-diabetic treated with 0.29 ml/kg b.w. of RHB; Group 9: non-diabetic treated with 0.57 ml/kg b.w. of RHB.

SOD = superoxide dismutase, CAT = catalase, GPx = glutathione peroxidase, GSH = glutathione, MDA = malondialdehyde, VIT C = vitamin C, VIT E = vitamin E, CRP

= C-reactive protein.
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control group (0.60 £+ 0.04). However, there were no significant (p <
0.05) differences in the vitamin C concentrations of both the RHB-
treated and non-treated groups compared to that of the normal control
group.

3.1.8. Vitamin E (VIT E) concentration (mg/dl)

Vitamin E (VIT E) concentration showed a significant (p < 0.05)
increase in the diabetic untreated group (2.14 + 0.06) compared to that
of the normal control group (1.95 £ 0.07). There were no significant (p
< 0.05) differences in the vitamin E concentrations, though gradual
decreases were observed, in the RHB treated diabetic groups 4 (2.10 +
0.03), 5 (2.02 £ 0.06) and 6 (1.98 + 0.11) and non-diabetic groups 7
(1.95 £+ 0.16), 8 (1.97 + 0.18) and 9 (1.97 + 0.13) treated with different
doses of RHB; including the diabetic group 3 (2.00 + 0.06) treated with
glibenclamide, when compared with that of the normal control group.

3.1.9. Malondialdehyde (MDA) concentration (mg/mL)

There was a significant (p < 0.05) increase in the malondialdehyde
(MDA) concentration observed in the diabetic untreated group (5.59 +
0.1L) compared to that of the normal control group (4.77 + 0.19). There
was a gradual decrease in the MDA concentrations in the RHB treated
diabetic groups 4 (5.28 & 0.20), 5 (5.05 + 0.14) and 6 (4.84 + 0.31) ina
dose dependent manner. However, there was no significant (p < 0.05)
difference in MDA concentrations of group 6 treated with 0.57 ml/kg b.
w of RHB and that of diabetic group 3 treated with 0.5 mg/kg b. w. of
glibenclamide (4.99 + 0.28). Likewise, there were no significant (p <
0.05) differences in MDA concentrations in the RHB treated non-diabetic
groups 7 (4.76 + 0.23), 8 (4.73 £+ 0.15) and 9 (4.72 £ 0.17), which are
comparable with that of the normal control group.

3.1.10. C-reactive protein (CRP) concentration (mg/dl

There was a significant (p < 0.05) increase in the C-reactive protein
(CRP) concentration observed in the diabetic untreated group (1.70 +
0.02) compared to that of the normal control group (1.30 & 0.11). There
was a gradual decrease but no significant (p < 0.05) difference in CRP
concentrations were observed in the RHB treated diabetic groups 4
(1.45 4 0.04), 5 (1.42 4 0.04) and 6 (1.38 £ 0.23). Whereas there were
no significant (p < 0.05) differences in CRP concentrations of groups 5, 6
and 3 (1.40 £ 0.05); their CRP concentrations were higher than that of
the normal control group. There were no significant (p < 0.05) differ-
ences in the CRP concentrations of the RHB treated non-diabetic groups
7 (1.29 £ 0.10), 8 (1.31 £ 0.04) and 9 (1.32 + 0.03) when compared
with that of the normal control group.

3.1.11. pH of ruzu herbal bitters
The pH of Ruzu herbal bitters was found to be 3.00 with pH paper
and 3.45 with pH meter.

3.1.12. Gas chromatography and mass spectroscopy (GC-MS) of ruzu
herbal bitters

The result of gas chromatography and mass spectroscopy (GC-MS) of
Ruzu herbal bitters (RHB) is presented in Table 4. The result revealed the
presence of 10 bioactive compounds: 2, 7 - dioxatricyclodeca-4, 9-diene
(1.38%), nonanoic acid (pelargic/pelargonic acid) (1.68%), dodecanoic
acid (lauric acid) (7.87%), tetradecanoic acid (myristic acid) (16.47%),
methyl - 6 — methylheptanoate (1.40%), n-hexadecanoic acid (palmitic
acid) (5.64%), 11-octadecenoic acid, methyl ester (4.05%), 13-methyl-
oxacyclotetradecane-2-one  (4.88%), Cis-Z-a-bisabolene epoxide
(2.66%) and 9-octadecanamide, (Z) (crodamide) (3.07%).
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Table 4
Identified bioactive compounds present in Ruzu herbal bitters using GC-MS.

Name of Compound Retention  Molecular ~ Molecular %
Peak
Time Formula Weight Area
2,7 - Dioxatricyclodeca-4, 9- 9.375 CgHgO2 136 1.38
diene
Nonanoic acid (Pelargic/ 10.100 CoH;50, 158 1.68
pelargonic acid)
Dodecanoic acid (Lauric acid) 12.508 C12H2404 200 7.87
Tetradecanoic acid (Myristic 14.900 C14H502 228 16.47
acid)
Methyl - 6 — methylheptanoat 17.033 CgH;0 2158 1.40
n-Hexadecanoic acid (palmitic 18.467 C16H3202 256 5.64
acid)
11-Octadecenoic acid, methyl 20.100 C19H360 296 4.05
ester
13-Methyloxacyclotetradecane- 21.167 C14H2602 226 4.88
2-one
Cis-Z-a-Bisabolene epoxide 22.800 C15Ho40 220 2.66
9-Octadecanamide, (Z) 23.725 C1gH3sNO 281 3.07

(Crodamide)

4. Discussion
4.1. Effect of RHB on the blood glucose level

There was a significant increase (p < 0.05) in the blood glucose level
of the rats after alloxan injection. The increase in glucose level could be
as a result of alloxan-induced reactive oxygen species, in addition to a
simultaneous massive increase in cytosolic calcium concentrations that
led to a rapid destruction of pancreatic islet cells and a concomitant
reduction in synthesis/release of insulin [20,21].

In the study, there was a significant (p < 0.05) increase in the blood
glucose level of the diabetic-untreated group after diabetes induction up
to the last day of the experiment, unlike in the normal control group.
However, treatment of the diabetic rats with different doses of Ruzu
herbal bitters (RHB) resulted in a significant (p < 0.05) reduction in
their blood glucose levels in a dose-dependent manner (Table 1). The
reduction in the blood glucose levels in diabetic rats treated with RHB
showed that RHB contains various bioactive compounds with the ability
to arrest and reverse oxidative stress-induced destruction of the
pancreatic f-islet cells, enhancing f-islet cells regeneration, insulin
secretion and consequently the transport of blood glucose to peripheral
tissues. It was reported in our previous work that Ruzu herbal bitters
contains some medicinally important phytochemicals such as flavo-
noids, alkaloids, steroids, phenols, tannins and saponins [22]. Some
studies have shown that the extracts of two component plants of RHB,
Citrullus colocynthis and Uvaria chamae, caused significant decrease in
the concentration of blood glucose in alloxan-induced diabetic rats [7,
8]; Emordi et al., 2018). Our findings are in agreement with previous
studies on the antidiabetic activities of polyherbal formulations on
alloxan-induced diabetic rats [23,24].

4.2. Effect of RHB on the body weight

The result of the body weights of the rats in Table 2 showed a steady
body weight gain in the normal control group and the non-diabetic
groups treated with RHB throughout the period of the experiment,
whereas the diabetic-untreated group showed significant (p < 0.05)
weight loss. Treatment of diabetic rat groups with different doses of RHB
led to significant (p < 0.05) increase in body weights, comparable to that
of the glibenclamide-treated group. The weight gain observed in the rats
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treated with RHB showed that the product contains essential and non-
essential nutrients that can boost the body’s nutritional requirements
for growth [22] affected by diabetes mellitus. Similar observation was
reported by Otunola and Afolayan [23] who used combined spices for
the treatment of diabetes. Also, Lakshmi et al. [8] reported that Citrullus
colocynthis seeds extract caused weight gain in alloxan-induced diabetic
rats. Similar observations were reported by Otunola and Afolayan [23]
who used combined spices in the treatment of diabetes mellitus.

4.3. Effect of RHB on oxidative stress markers

In this study, diabetic untreated group showed significant (p < 0.05)
increases in serum activities of superoxide dismutase (SOD) and catalase
(CAT), with significant (p < 0.05) decrease in glutathione peroxidase
(GPx) activity compared to the normal control group. Also, there were
significant (p < 0.05) increases in the levels of vitamin C (VIT C),
vitamin E (VIT E), C-reactive protein (CRP) and malondialdehyde
(MDA), with significant (p < 0.05) decrease in the level of glutathione
(GSH) in the diabetic untreated group compared to the normal control
group (Table 3). Treatment of diabetic groups with different doses of
Ruzu herbal bitters resulted in significant reductions in the serum ac-
tivities of SOD and CAT; elevation in GPx activity; reductions in VIT C,
VIT E, CRP and MDA levels; and elevation in GSH levels. There was no
significant difference in the results of the RHB treated non-diabetic
groups 7, 8 and 9, which are comparable with that of the normal con-
trol group. Furthermore, there were no significant (p < 0.05) differences
between the results of group 6 treated with 0.57 ml/kg b. w of RHB and
that of diabetic group 3 treated with 0.5 mg/kg b. w. of glibenclamide,
Hence, 0.57 ml/kg b. w of Ruzu herbal bitters was found to be equi-
potent with 0.5 mg/kg b. w. of glibenclamide in the restoration of free
radical-induced oxidative stress, indicating that RHB has antioxidant
properties. Our findings are in agreement with other findings on the
antidiabetic activities of polyherbal formulations on alloxan-induced
diabetic rats [23,24].

The enzymatic defense against free radicals in tissues is primarily
carried out by superoxide dismutase (SOD), catalase (CAT) and gluta-
thione peroxidase (GPx), together with glutathione (GSH). SOD converts
superoxide anion (Oge—) to hydrogen peroxide (H202), which is then
detoxified by conversion to water by catalase and GPx (Mahmoud et al.,
2014). Reduced glutathione (GSH), is involved in the non-enzymatic
removal of ROS and also serves as the hydrogen donor in GPx-
mediated reaction. The oxidized glutathione (GSSG) is either reduced
back to GSH by glutathione reductase, or exported out of the cells
(Mahmoud et al., 2014).

Some authors have reported decreased serum activities of SOD and
catalase in diabetic rats [25,26]; Kumawat et al., 2013), unlike in our
study in which we observed increased serum activities of SOD and
catalase in the diabetic rats. However, in agreement with our study,
Ahmed et al. [27] and Zarei et al. [28] reported that the activities of
catalase and SOD were significantly higher in the diabetic rat group than
the normal group. Whereas in their study, Zarei et al. [28] reported
higher activity of SOD in diabetic uncontrolled rats and no much dif-
ference in catalase activities between the diabetic and the normal con-
trol; the reverse is the case in our study - increased catalase activity in
the diabetic untreated group and no much difference in SOD activities
between both the diabetic and the normal control. This suggests that
high level of free radicals in diabetes may increase the activities of the
antioxidant enzymes that are activated to arrest them. Also, high blood
glucose can lead to the combination of glucose with the enzymes, which
are proteins, so that in patients with diabetes, extracellular SOD is highly
glycosylated comparing to healthy subjects [29], thereby reducing its
activity. Another study that evaluated the antioxidant status and SOD
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activity in diabetic patients did not show any significant differences
between the tested groups [30], as observed in the present study.
However, higher catalase and SOD activities in untreated diabetic group
than the normal control in this study were indications that oxidative
stress occurred in the diabetic group. Reduction in their activities after
treatment with Ruzu herbal bitters indicated that the polyherbal mixture
has antioxidant activity.

In hyperglycemia, increased intracellular glucose leads to activation
of polyol pathways leading to its increased enzymatic conversion in
sorbitol utilizing nicotinic acid adenine dinucleotide phosphate
(NADPH). With concomitant decrease in NADPH level and the regen-
eration of reduced glutathione (GSH), the antioxidant mechanism is
impaired. Since glutathione is a scavenger of reactive oxygen species,
this can induce or exacerbate oxidative stress [31]. The reduction in
erythrocyte glutathione peroxidase (GPx) activity in the diabetic groups
when compared to the normal control in the present study may be
attributed to excessive metabolism of glucose by polyol pathway. This
pathway utilizes NADPH as a hydrogen donor and decreases the
NADPH/NADP™ ratio. Increased sorbitol pathway utilizes the NADPH
leading to decreased regeneration of reduced glutathione (GSH). Failure
in regeneration of glutathione (GSH) weakens the antioxidant defense
by glutathione peroxidase and decreases its activity [32], as observed in
our study. Loven et al. [33] suggested that the decrease in tissue GSH
could be the result of decreased synthesis or increased degradation of
GSH by oxidative stress in diabetes. Hence, the increase in the level of
GSH, including an increase in GPx activity in the RHB treated diabetic
groups in our study is suggestive that RHB can enhance GSH biosyn-
thesis and/or reduce oxidative stress.

Free radicals change lipid/protein ratio of membranes by affecting
polyunsaturated fatty acids and lipid peroxidation, thereby causing
functional irregularities of several cellular organelles [34]. Lipid per-
oxides are broken down quickly to form reactive carbon compounds, of
which malondialdehyde (MDA) is an important reactive carbon com-
pound used commonly as an indicator of lipid peroxidation [35]. The
presence of higher MDA in the serum is an indication of lipid peroxi-
dation and oxidative stress of which has been reported as one of the
underlying causes of diabetes mellitus [36]. Therefore, the higher MDA
level in the diabetic rats observed in our study was an indication of lipid
peroxidation caused by free radicals. Some studies have also reported
higher MDA in diabetic untreated rats than in the normal control [28,
371].

Vitamins A, C and E are among the important nonenzymatic anti-
oxidants [38,39]. Sinha and Grosh [40] proposed that the absence of
antioxidant vitamins in diabetic patients could lead to the development
of several abnormalities related with absorption. Vitamin C is a physi-
ological antioxidant of major importance for protection against diseases
and degenerative processes caused by oxidative stress and is associated
with better scavenging properties in vivo than the other antioxidants,
because of its presence both in intracellular and the extracellular fluid
[41]. Plasma ascorbic acid is the only endogenous antioxidant that can
completely protect the lipids from the peroxidative damage induced by
aqueous peroxyl radicals [42]. Vitamin C also acts as a co-antioxidant by
regenerating alpha-tocopherol from alpha-tocopheroxyl radical pro-
duced during scavenging of oxygen free radicals [16]. While several
studies have reported decreased blood levels of vitamin E in diabetic
patients [25,43,44], other studies reported that there are increases in
vitamin E levels of the diabetic group compared to controls [45-47]. Our
result is in agreement with the later report for both vitamins E and C as
observed in Table 3; although there is no significant difference between
the RHB treated diabetic groups and the normal control group. The in-
creases observed in the diabetic groups could be due to increased need
for these vitamins in order to arrest oxidative stress.
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C-reactive protein (CRP) is a plasma protein which is not normally
present in the body but its advent is marked by its elevated levels in the
blood during certain specific condition, especially marked when in-
flammatory events occurred as a result of any kind of injury. Due to its
involvement in inflammation, which is also seen as one of the mediators
of progression of type 2 diabetes mellitus and its various complications,
it was suspected to be engrossed in their pathogenesis [48]. It is well
known that CRP is a common inflammatory biomarker that is elevated in
the blood of subjects with severe inflammation and diseases including
T2DM and cardiovascular diseases (CVD) [49]. Hence, the elevated level
of CRP in the diabetic rats observed in our study could be due to
inflammation and CVD, which was reduced by treatment with Ruzu
herbal bitters. Our result is in agreement with other reports [48,49].

4.4. pH of ruzu herbal bitters

The pH of Ruzu herbal bitters was found to be 3.00 and 3.45 with pH
paper and pH meter respectively. pH is a measure of hydrogen ion
concentration in a medium. The pH of RHB is acidic, indicating the
presence of hydrogen ions in it. The decrease in pH of RHB is advanta-
geous as low pH inhibits growth of pathogenic microorganisms and the
acidic environment created acts as a preservative [50], enhancing the
efficacy of the product (RHB). Research in gastric health suggests that
the pH environment of simple-stomached vertebrates serves a more
prominent function as an ecological filter, capable, through its acidity,
of killing microbial taxa that would otherwise colonize the intestines
[51]. Carnivores need more acidic stomachs in order to lyse the protein
in their meat-based diets. For example, secretion of pepsinogen and its
activation to pepsin in the stomach is modulated by an acid pH (2-4)
[52]. Also, the activities of proteases in a simple acid stomach depends
on an acidic environment (pH 2-4) [53]. The major inhibitory regulator
of gastric acid secretion is an increase in intra-gastric acidity. A decrease
of luminal pH below 3.0 has a concentration-dependent inhibitory in-
fluence on HCl and gastrin secretion, and at pH 1.0 further acid output is
abolished [54]. Therefore, the pH of RHB (3.45) is within the range of
normal activity of gastric enzymes.

4.5. Gas chromatography and mass spectroscopy (GC-MS) of RHB

The result of gas chromatography and mass spectroscopy (GC-MS) of
RHB presented in Table 4 revealed the presence of 10 bioactive com-
pounds: 2, 7-Dioxatricyclodeca-4, 9-diene (1.38%), Nonanoic acid
(Pelargic/pelargonic acid) (1.68%), Dodecanoic acid (Lauric acid)
(7.87%), Tetradecanoic acid (Myristic acid) (16.47%), Methyl - 6 —
methylheptanoate (1.40%), n-Hexadecanoic acid (palmitic acid)
(5.64%), 11-Octadecenoic acid, methyl ester (4.05%), 13-Methyloxacy-
clotetradecane-2-one (4.88%), Cis-Z-a-Bisabolene epoxide (2.66%) and
9-Octadecanamide, (Z) (Crodamide) (3.07%).

SE90 Fornmla:C19H3602 CAS:52380-33-3 MolWeight:296 Retlndex:2085
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Below are some literature reports on the functions of these
compounds.

1. 2, 7-Dioxatricyclodeca-4, 9-diene: antioxidant, cytotoxic and anti-
malarial effects [55].

2. Nonanoic acid (Pelargic/Perlargonic acid): used as herbicides, fla-
vouring constituents, food additives, also used as a blossom thinner
for apple and pear tree [56].

3. Tetradecanoic acid (lauric acid): acts as a lipid anchor in bio-
membranes, acts as an antioxidant [57,58].

4. Dodecanoic acid (Lauric acid): It acts as an antibacterial and algal
metabolite, antifungal and antiviral agent. It is used for the treatment
of cancer and heart diseases [59]. It is used mainly for the production
of soaps and cosmetics, also used to investigate the molar mass of an
unknown substance via the freezing-point depression [60].

5. Methyl 6-methyl heptanoate: acts as a flavouring agents, also used as
food additives [61].

6. N-hexadecanoic acid (Palmatic acid): plays a role in the presentation
of a definite tissue concentration and repartition in different lipids
classes which requires a fine regulation of its metabolism. It is also
used to produce soup, cosmetic and industrial mold release agents
[62].

7. 11-Octadecenioc acid, Methyl ester: acts as an antioxidant, anti-
inflammatory, antimicrobial, antiviral, anti-mutagenic and anti-
carcinogenic activities and gene expression. It also contributes to-
wards lowering the risks of diverse disease, especially for coronary
heart and pulmonary diseases as well as cancer [63-65].

8. Cis-Z-a- Bisabolene epoxide: It acts as an antioxidant and antimi-
crobial [66].

9. 9-octadecanamide, (z) (crodamide): It is used as chemical additives
which must be added to the low-density polyethylene (LDPE) film
material. It is also used as the modifying agent of plastic. It is used as
the lubricants such as polypropylene (PP), polystyrene (GPPS),
phenol (PF) resin, antistatic agents and anti-caking additives [67].

Therefore, from our result, we infer that the antidiabetic and anti-
oxidant activities of Ruzu herbal bitters are as a result of the presence of
four pharmacologically important bioactive compounds: 11-Octadece-
nioc acid, Methyl esther; 2,7-Dioxatricyclodeca-4, 9-diene; Cis-Z-
a-Bisabolene epoxide and Tetradecanoic acid (lauric acid), which have
antioxidant activities, amongst others.

The 4 bioactive antioxidant compounds in Ruzu herbal bitters:

(a) 11-Octadecenoic acid, Methyl ester (FATTY ACID AND ITS
ESTER).

Functions: antioxidant, anti-inflammatory, antimicrobial, antiviral,
anti-mutagenic and anti-carcinogenic activities.

CompName: 11-Octadecenoic acid, methyl ester $$ Methyl 11-octadecenoate $§ Octadec-11-enoic acid, mefhyl ester $$ Methyl (11E)-11-octadecenoate # $3
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(b) 2,7-Dioxa-tricyclo [4.4.0.0 (3,8)]deca-4,9-diene (STEROID).
Functions: antioxidant, cytotoxic and antimalarial effects.

SE80 Fornmla:CSH302 CAS:0-00-0 MolWeight:136 Retindex:823
CompName:2, 7-Dioxa-tricyclo[4.4.0.0(3,8)]deca4.9-diene
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(c) Cis-Z-a- Bisabolene epoxide (ESSENTIAL OIL).
Functions: antioxidant and antimicrobial agent.
SI78 Formula:C15H40 CAS:0-00-0 MolWeight:220 Retlndex:1531
CompName:cis-Z- alpha -Bisabolene epoxide
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(d) Tetradecanoic acid (lauric acid) (FATTY ACID).
Function: antioxidant.

SI.9’ Fomnla (14H280’ C AS 544-63-8 Mol Weight:228 Retlndex:1769

CompName: Tetradecanoic acid $$ Mynistic acid $$ n-Tetradecanoic acid $$ n-Tetradecoic acid $$ Neo-Fat 14 $$ Univol U316S $$ 1-Tridecanecarboxylic acid
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5. Conclusion

Ruzu herbal bitters (RHB) used in the treatment of various ailments
possesses antidiabetic and antioxidant properties. This is as a result of its
constituent phytochemicals and bioactive compounds that have
different medicinal effects. However, further studies should be carried
out to confirm the exact mechanism of action of Ruzu herbal bitters and

100 110 120 130 140 150 160 170 180 190 200 210

220 230 240 250

its possible side effects.
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