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Abstract

Background: Natural products are utilized globally for the management of diseases such as diabetes mellitus. Carrot
seeds are ethnobotanically used in the management of diabetes mellitus. This study investigated the in vitro and
in vivo antihyperglycemic activities of verbenone and L-arginine, which are compounds found in carrot seed.

Results: Verbenone, L-arginine, and their ratios combination expressed significantly in vitro a-amylase inhibitory
activity with ICs, of 13.00, 12.69, and 13.30 pg/mL respectively compared with acarbose (ICsy=12.64 pg/mL) and
significant in vitro a-glucosidases inhibitory activity with ICs, of 29.01, 23.76 and 30.11 pg/mL respectively com-

pared with acarbose (ICs,=16.80 pg/mL). Furthermore, the compounds improved glucose uptake in yeast cells and
inhibited haemoglobin glycation in vitro. In the in vivo study, the compounds significantly reduced the levels of blood
glucose, the levels of liver total cholesterol, and liver triacylglycerol, the calculated cardiovascular indices, whereas the
level of plasma high density lipoprotein (HDL) cholesterol was significantly elevated in all diabetic treated mice.

Conclusion: The data revealed the in vitro antidiabetic activity of verbenone and L-arginine. Also, the compounds
ameliorated hyperglycemia, hyperlipidemia and other diabetic-induced biochemical alterations in NAD-STZ-induced
diabetic mice model.

Highlights

« Verbenone, a natural bicyclic ketone monoterpene, and L-arginine, a natural amino acid, areboth found in Dau-
cus carota and other medicinal plants useful in the management of diabetesmellitus.

+ Verbenone and L-arginine possess in vitro antidiabetic activities, improve glucose uptake, andinhibited haemo-
globin glycation.

+ Verbenone possesses in vivo antidiabetic activities in NAD-STZ-induced diabetic mice withpotential synergetic
effect with L-arginine.

+ Verbenone and L-arginine possess antihyperlipidemic properties and could prevent the risk ofcardiovascular
diseases in NAD-STZ-treated mice.
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1 Background

Diabetes mellitus (DM) is a chronic metabolic disor-
der that causes hyperglycemia due to inherited and/or
acquired deficient production of insulin by the pancre-
atic B-cells (type 1 diabetes), or ineffectiveness of the
insulin produced due to the gradual development of
resistance and/or pancreatic B-cells dysfunction (type
2 diabetes) [1]. Conventionally, diabetes is managed
through exogenous insulin administration, lifestyle/diet
modification as well as the use of drugs that increase
endogenous insulin availability such as sulfonylurea
(glibenclamide), or enhance the sensitivity of insulin-
like biguanide (metformin), or drugs that inhibit car-
bohydrate digestion and absorption like acarbose [1-3].
However, attainment of controlled blood sugar levels
and the alleviation of other hyperglycemia-induced
alterations continued to be a challenge among diabet-
ics, despite the availability of numerous hypoglycemic
drugs. High cost, limiting drug availability/affordability,
limited tolerability of patients, and/or the significant
mechanism-based side effects are but a few reasons
hindering attainment of sugar control [2, 4].

Therefore, researchers are focusing on the utiliza-
tion of plant products containing constituents like
nitrogen compounds, terpenes, phenolic compounds,
and hydroxylated compounds as alternative bioactive
compounds to be used in developing drugs that exert
effective hypoglycemic effects. These products are also
demonstrating high potential in achieving global health
status, especially in emerging economies like Nige-
ria due to their availability, affordability, relative safety
compared to synthetic agents, and profound therapeu-
tic benefits [2, 5-8].

Daucus carota (carrot), a monocarpic perennial herb
demonstrates several pharmacological and biological
properties including antidiabetic activity [9-19]. Stud-
ies on the activities of D. carota focused mainly on its
various parts, its essential oil, or the major components;
carotol, daucene, and daucol [5, 13, 20]. There is a pau-
city of knowledge regarding the antidiabetic activity of
verbenone and L-arginine, which are bioactive molecules
found in the seed extracts.

Verbenone (trimethyl-bicyclo-heptenone, Fig. 1a) is a
natural bicyclic ketone mono-terpene found in D. carota
and other medicinal plants such as Rosmarinus officinalis
(Rosemary). It can also be synthesized through the oxida-
tion of a-pinene from turpentine oil [21]. It is a colorless,
minty liquid that is only soluble in non-polar solvents
and used as an anti-aggregation pheromone to control
insects, as a cough suppressant, in aromatherapy because
of its pleasant aroma. Other studies have reported its
anticancer, anti-inflammatory, hemolytic, bronchodialat-
ing, antiviral, and antioxidant activities [22, 23].

L-arginine  (2-amino-5-guanodino-pentenoic  acid,
Fig. 1b) is an amino acid obtained from natural dietary
protein sources such as carrot, broccoli, banana, water-
melon, fish, soy milk, honey or through laboratory fer-
mentation using Corynebacterium or Escherichia coli
[24]. Tt is a white odorless powder soluble in water,
insoluble in ether, and slightly soluble in ethanol [25].
it slows down the progression of diabetic nephropathy
and renal failure by increasing glomerular filtration rate,
and possess direct and nitric oxide (NO)-dependent
antioxidant properties that is used for the treatment of
intralipid (IL)- induced non-alcoholic steatohepatitis
(NASH) [24, 26, 27]. However, studies on the antidiabetic
activity of verbenone and L-arginine in Nicotinamide
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(NAD)-Streptozotocin (STZ)-treated mice is scarce.
Therefore, the present study aim at investigating the
in vitro and in vivo antihyperglycemic activities of ver-
benone and L-arginine in NAD- STZ-induced diabetic
albino mice.

2 Methods

2.1 Chemicals and reagents

Verbenone, L-arginine, streptozotocin (STZ), nicoti-
namide (NAD), and Dimethyl sulfoxide (DMSO) were
purchased from Carbosynth Limited, Axis House High
Street, Compton, Newbury, Bekshire, London, UK, while
the reagents for estimation of biochemical parameters
were purchased from Randox Laboratories, Ardmore,
Co. Antrim, UK. Glucometer (“Accu-Chek Active” test
meter) was used to estimate blood glucose levels. Other
chemicals and reagents were of analytical grade.

2.2 Experimental animals

Wister albino mice were obtained from the animal house
of Department of Pharmacology, Bauchi State University,
Gadau, Bauchi State, Nigeria. The mice were kept and
maintained under standard laboratory conditions. They
were fed on a standard laboratory diet and allowed access
to water ad libitum. The University of Jos Ethical Review
Committee approved the animal care and research pro-
cedures with the registration number UJ/FPS/F17-00379.

2.3 In vitro antidiabetic assay

a-Amylase and a-glucosidase inhibition assay were car-
ried out using the methods described by Andrade-Cetto
et al. [28] and Kuppusamy et al. [29] respectively at the
concentrations of 20—-100 pg/mL using acarbose as refer-
ence drug.

2.3.1 % increase in glucose uptake by yeast cells
Commercial baker’s yeast was dissolved in distilled water
and subjected to repeated centrifugation (3000xg, for
5 min) until clear supernatant fluids were obtained and
a 10% (v/v) of the suspension was prepared in distilled
water. Various concentrations of the samples (20-100 ug/
ml) were added to 1 ml of glucose solution (25 mM) and
incubated for 10 min at 37 °C. The reaction was initiated
by adding 100 pL of the prepared yeast suspension fol-
lowed by vortexing and further incubation at 37 °C for
60 min. These were then centrifuged at 2500x g for 5 min
and amount of glucose estimated in the supernatant
using glucose oxidase method [30]. Metronidazole was
used as reference drug for this assay.
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2.3.2 Inhibition of haemoglobin glycosylation assay

To 1 mL of haemoglobin solution, 25 uL of gentamicin
and 25 pL of the samples were pipetted into test tubes
separately. The reaction was initiated by adding 1 mL
of 2% glucose in 0.01 M phosphate buffer (pH 7.4) and
incubated in dark at room temperature. The concen-
trations of glycosylated haemoglobin at the incubation
period of 0, 24, and 72 h were estimated spectrophoto-
metrically at 443 nm [31].

2.4 In vivo antidiabetic assay

2.4.1 Acute toxicity study

The acute toxicity test of verbenone was done accord-
ing to Lorke’s method [32]. In the first phase, nine
(9) randomly selected mice were grouped into group
1, 2 and 3. They were administered with 10, 100, and
1000 mg/kg bwt of verbenone, and placed under obser-
vation for 24 h, for behavior as well as mortality. In the
second phase of the toxicity study, nine (9) randomly
selected mice were grouped into group 1, 2 and 3, were
given 2000, 4000, and 5,000 mg/kg bwt of verbenone
and then observed for another 24 h for behavior as well
as mortality, then the LD, was calculated as follows:

LDsp = v/ Doy x D1go

where, LD-,=Median lethal dose.
D,=Highest dose that gave no mortality.
D,y =Lowest dose that produced mortality.

2.4.2 Induction of diabetes

Diabetes was induced on overnight fasted mice by
single dose intraperitoneal injection of STZ (60 mg/
kg bwt) prepared in 0.1 M citrate buffer at pH 4.5,
10 min after injection with 110 mg/kg bwt of NAD
normal saline solution. The mice were given 10% dex-
trose after 24 h of STZ administration to prevent STZ-
induced hypoglycemia and mortality. After 72 h, mice
with blood glucose level of 200 mg/dL and above were
selected for the study.

2.4.3 Animals grouping and treatments
The animals were randomly distributed into nine (9)
groups containing five (5) mice each. After diabetes
induction, various doses of verbenone, L-arginine, ver-
benone + L-arginine were prepared in 5% DMSO used
as the vehicle and at volume of 0.2 ml. The intervention
period was performed for 14 days where animals were
given daily doses of the respective preparations:

Group I: normal mice which received 5% DMSO
(0.2 mL).
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Group II: diabetic mice which received 5% DMSO
(0.2 mL).

Group III: diabetic mice treated with 5 mg/kg bwt of
glibenclamide.

Group IV: diabetic mice treated with 100 mg/kg bwt of
verbenone.

Group V: diabetic mice treated with 200 mg/kg bwt of
verbenone.

Group VI: diabetic mice treated with 100 mg/kg bwt of
L-arginine.

Group VII: diabetic mice treated with 200 mg/kg bwt
of L-arginine.

Group VIIIL: diabetic mice treated with 100 mg/kg bwt
of verbenone + L-arginine (1:1 v/m).

Group IX: diabetic mice treated with 200 mg/kg bwt of
verbenone + L-arginine (1:1 v/m).

2.4.4 Preparation of samples for biochemical analysis

Blood samples were collected aseptically from the tips
of mice tails onto glucose test strips for measurement of
blood glucose levels. However, at the end of treatment, all
experimental animals were weighed and sacrificed on the
fifteenth (15th) day under mild anesthesia (chloroform),
and their blood samples were collected into containers
containing EDTA. Plasma was separated by centrifuga-
tion at 1500x g for 10 min into appropriately labeled test
tubes for analyses. Also, the liver of the mice was excised,
homogenized using 0.25 M cold sucrose solution, and
centrifuged at 1500x g for 5 min to obtain supernatants
that were appropriately collected and labeled in test tubes
for further analyses.

2.4.5 Oral glucose tolerance test (OGTT)

Following a standard oral dose of glucose (2 g/kg bwt.),
blood glucose levels were monitored at regular intervals,
in order to evaluate the glucose tolerance ability of ver-
benone, and L-arginine. Briefly, twenty seven (27) non-
diabetic mice were randomly distributed into nine (9)
groups. The mice were fasted overnight and their baseline
glucose levels were measured by glucometer (Accu-Chek
Active). 2 g/kg bwt glucose was then administered orally
to all mice before administration of 5% DMSO, gliben-
clamide (5 mg/kg bwt.), verbenone (100 and 200 mg/
kg bwt.), L-arginine (100 and 200 mg/kg bwt.) and their
ratio combination (100 and 200 mg/kg bwt.) respectively.
Blood glucose levels were then measured from tail veins
after 30, 60, 90 and 120 min.

2.5 Lipid profile and calculated cardiovascular indices

Total cholesterol (T-Chol), triacylglycerides (TGs), High
density lipoprotein cholesterol (HDL-Chol) were deter-
mined according to the method described by Tietz [33]
and Friedwald et al. [34]. Very low density lipoprotein

Page 4 of 12

cholesterol (VLDL-Chol.) and Low density lipoprotein
cholesterol (LDL-Chol) were determined using the for-
mula described by Friedwald et al. [34]. Atherogenic
index (AI) was calculated using the formula described by
Lamarche et al. [35], while cardiac index and coronary
artery index were determined according to the formula
described by Kang et al. [36]. Percentage increases or
decreases were calculated using the formula reported by
Tijjani et al. [37].

VLDL—Chol (mg/dL) = TG/5
TG: triglycerides
LDL-Chol (mg/dL) = (T-Chol - HDL-Chol) — TG/5

T-Chol: total cholesterol; HDL-Chol: high density
cholesterol

Atherogenic Index (AI) = (T-Chol - HDL-Chol) / HDL-Chol
Cardiac index (CI) = T-Chol / HDL-Chol

Coronary artery index(CAI) = LDL-Chol /HDL-Chol

2.6 Estimation of markers of liver function

The method described by Reitman and Frankel [38]
was used to determine the activities of aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT)
in plasma and liver homogenates while the method
described by Wright et al. [39] was used to determine
alkaline phosphatase (ALP) activity in plasma.

2.7 Statistical analysis

Experimental data were expressed as mean + standard
error of mean (SEM) and were subjected to One Way
Analysis of Variance (ANOVA) followed by Dunnett’s
test. Significance was considered at p <0.05. Graphs were
plotted using GraphPad Prism 6 software (GraphPad
Software, California, USA).

3 Results

3.1 Invitro antidiabetic activities

3.1.1 a-amylase and a-glucosidase inhibitory activities
a-amylase inhibitory activity of L-arginine (IC5,=12.69 pg/
mL) expressed none significant (p>0.05) activity com-
pared to acarbose (IC;,=12.64 pg/mL), while verbenone
(IC5,=13.0 pg/mL) and verbenone + L-arginine (1:1 v/m)
(IC5,=13.30 pg/mL) expressed significantly (p<0.05)
lower inhibitory activity (Fig. 2). Furthermore, verbenone
+ L-arginine (1:1 v/m) (IC5,=30.11 pg/mL) expressed
a-glucosidases inhibitory activity compared to verbenone
(IC5y=29.01 pg/mL) while L-arginine (IC;,=23.76 pg/
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Fig. 2 a-Amylase inhibitory activity of verbenone, L-arginine
and ratios of verbenone + L-arginine (1:1 v/m). Values are
expressed as mean £ SEM, triplicated determinations. Ratios
(1:1)=verbenone + L-arginine (1:1 v/m)

mL) and acarbose (IC;,=16.80 pg/mL) expressed higher
a-glucosidases inhibitory activity (Fig. 3).

3.1.2 % increase in glucose uptake by yeast cells

Verbenone (26.34 +4.75 mmol/L), and their ratio com-
bination (22.89 mmol/L) increased glucose uptake by
yeast cells higher than the metronidazole reference
drug (18.66 +1.66 mmol/L). Verbenone and L-arginine
increased glucose uptake in dose-dependent manner
(Fig. 4).
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Fig. 3 a-Glucosidases inhibitory activity of verbenone, L-arginine
and ratios of verbenone + L-arginine (1:1 v/m). Values are
expressed as mean & SEM, triplicated determinations. Ratios
(1:1)=verbenone + L-arginine (1:1 v/m)
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Fig. 4 Glucose uptake activity by yeast cell treated with verbenone,
L-arginine and ratios of verbenone + L-arginine (1:1 v/m). Values are
expressed as mean 4 SEM, triplicated determinations. Values with
different superscripts are significantly different at p <0.05. Ratios
(1:1)=verbenone + L-arginine (1:1 v/m)

3.1.3 % inhibition of haemoglobin glycation

The inhibitory effects of verbenone and L-arginine on
haemoglobin glycation indicated a gradual increase after
24 h incubation, with a gradual decrease after 72 h incu-
bation. However, the inhibitory effects of verbenone +
L-arginine (1:1 v/m) decreased (16.45+7.55%) after 72 h
while the inhibitory effects of the gentamycin increased
(46.07 £0.00) at 72 h incubation (Fig. 5).

3.2 Invivo antidiabetic and antihyperlipidemic activities
3.2.1 Antihyperglycemic effects in glucose-loaded
hyperglycemic mice
Verbenone at 200 mg/kg bwt demonstrated antihypergly-
cemic effects, it shows similar glucose decrease pattern
with glibenclamide. Their average decreases were —71%
and —100% respectively (Fig. 6). The control mice, ver-
benone (100 mg/kg bwt.), L-arginine (100 and 200 mg/
kg bwt.) and ratio of verbenone + L-arginine (100 mg/
kg bwt.) initially showed gradual increase in blood glu-
cose levels after 60 min followed by a gradual decrease
after 90 min.

3.2.2 Effect of verbenone and L-arginine on the blood
glucose level in NAD-STZ-induced diabetic rats

Table 1 shows the blood glucose level in diabetic rats
treated with verbenone and L-arginine. The diabetic
group treated with verbenone, verbenone + L-arginine
showed a significant reduction in the level of blood glu-
cose with values of 244 mg/dl, and 226 mg/dl respec-
tively, and this was comparable with the blood glucose
level of diabetic rats treated with glibenclamide (158 mg/
dl) (Table 1).
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3.2.3 Effects of verbenone and L-arginine on the tissue
and plasma lipid profile of NAD-STZ-induced diabetic
80 1 rats
verbenone
All the diabetic treated groups significantly (p<0.05)
lower the liver total cholesterol levels except the diabetic
group treated with verbenone + L-arginine (100 mg/kg
bwt) (Fig. 7), when compared with diabetic untreated
group. Furthermore, the diabetic group treated with ver-
benone (100 mg/kg bwt.) significantly (p <0.05) showed
a reduced level of liver triglycerides (Fig. 8) compared to
the diabetic untreated mice. However, in the plasma lipids
profile, no significant reduction (p>0.05) was observed
20 40 60 80 100 in levels of total cholesterol, triglycerides, LDL-choles-
Concentration(ug/mL) terol and VLDL-cholesterol in the diabetic treated mice
24 Hours compared with diabetic untreated mice except in the
80- diabetic mice treated with gibenclamide and verbenone
verbenone (100 mg/kg bwt) in triglyceride, L-arginine (100 mg/kg
bwt) and ratio combination (200 mg/kg bwt.) in LDL-
Chol, and gibenclamide and L-arginine (100 mg/kg bwt.)
in VLDL-Chol respectively (Figs. 9 and 10). However, all
Gentamycin the diabetic treated mice showed a significant increased
407 . b (p<0.05) in the levels of the HDL-cholesterol and calcu-
c ¢ lated cardiovascular risk indices, compared to that of the
diabetic untreated mice (Figs. 11 and 12).
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3.2.4 Effects on marker enzymes for liver function
The plasma and liver activities of AST, ALT and ALP
20 40 60 80 100 were determined in other to investigate the effects of ver-

Concentration(pg/mL) benone, L-arginine and verbenone + L-arginine (1:1 v/m)
on the liver. Results are presented in Figs. 13, 14, and 15
72 Hours and we recorded a significant (p<0.05) increases in the
100 1 c e . . . .

¢ [ verbenone activities of these enzymes in the diabetic untreated mice

compared to the control mice. Oral administration of
gibemclimide, verbenone, L-arginine, and a combination
of verbenone and L-arginine ameliorated the increase
Bl Gentamycin in the activities of these enzymes in the diabetic treated
groups (Fig. 14).

[ L-arginine

M Ratios(1:1)

%Inhibition

4 Discussion
Diabetes is generally recognized as a major global health
challenge with grave fatality and complications that occur
as a result of non-availability or ineffective insulin [40].
20 40 60 80 100 Insulin is a key molecule to the metabolism of glucose,
Concentration(ug/mL) protein, and lipids. Defective insulin level or impaired
Fig. 5 Haemoglobin Glycosylation inhibitory activity of verbenone, insulin action can result in derangement in the metabo-
L-arginine and ratios of verbenone + L-arginine (1:1 v/m) at 0, 24 and . . .
X } o lism of the above mentioned macromolecules, leading
72 hincubation. Values are expressed as mean & SEM, triplicated o . .
to several complications [41, 42]. Conventionally, differ-

determinations. Values with different superscripts are significantly
different at p <0.05. Ratios (1:1) = verbenone + L-arginine (1:1 v/m) ent antidiabetic agents are being employed to treat and
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Table 1 Effects of verbenone, L-arginine and ratios of verbenone + L-arginine (1:1 v/m) on blood glucose levels (mg/dL) of NAD-STZ-

induced diabetic mice

Day 0 Day 1 Day 7 Day 13 Day 15
1h 2h 24h
Control 127408 120405 130406 124405 130405 1384 06° 1204 06°
Diabetic untreated 315406 3004 09° 3084 09° 427 4£10° 5024 16° 572+16° 533+11°
Glibenclamide 5 mg/kg bwt 291406 195+04° 233406° 2894 16° 2394 10° 2034 11° 158 4232
Verbenone 100 mg/kg bwt 395407 346 4 09¢ 3774119 954 05¢ 574079 282+ 16¢ 244411°
L-arginine 100 mg/kg bwt 356403 456+£10° 5624 16° 521412¢ 442412° 3884 10° 521425P
L-arginine 200 mg/kg bwt 346404 190+ 06° 322412 426 +07° 305411 536+ 19° 4244101
Ratio (1:1 v/m) 100 mg/kg bwt 413405 343413¢ 3864139 5404 12¢ 3914109 5834+22° 511+11°
Ratio (1:1 v/m) 200 mg/kg bwt 367404 233409 192 406" 479410 183 408" 183406' 226 +05°

Values are mean + SEM, n=5; Ratio (1:1 v/m) = verbenone + L-arginine (1:1 v/m)

Values with different superscript down the column are significantly different at p >0.05

manage diabetes [1-3]. Over time, the effectiveness of
these drugs declined as they develop secondary failure
and/or side effects to patients. These failures and/or side
effects associated with the intake of synthetic antidiabetic
drugs posed challenges to the medical community and
sparked research towards the development of alterna-
tive medicines with high efficacy, fewer side effects, and
relative affordability by the poor [43, 44], hence, attention

to natural product as a possible source for drug candi-
dates emerges. Earlier studies proved that inhibition of
activities of a-amylase and a-glucosidases delay the deg-
radation of carbohydrates and caused a decrease in the
absorption of glucose which in turn reduces postpran-
dial blood glucose level [43]. Hence, researchers focus
on developing therapeutics that can suppress the intes-
tinal a-amylase and a-glucosidases as well as increase
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Fig. 7 Total cholesterol concentration in diabetic mice treated with
verbenone, L-arginine and ratios of verbenone + L-arginine (1:1v/m)
after 14 days treatment. Values are expressed as mean & SEM, n=>5.
Values with different superscripts are significantly different at p<0.05.
Verl-arg = verbenone + L-arginine (1:1 v/m)
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Fig. 10 Very low density lipoprotein cholesterol concentration

in diabetic mice treated with verbenone, L-arginine and ratios of
verbenone + L-arginine (1:1 v/m) After 14 days treatment. values are
expressed as mean £ SEM, n= 5. Values with different superscripts are
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Values with different superscripts are significantly different at p<0.05.
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glucose uptake by skeletal cells or inhibit haemoglobin
glycosylation.

In the present in vitro antidiabetic study, all treatments
with verbenone, L-arginine and the combination of the
two compounds demonstrated potent inhibitory effect
on a-amylase and a-glucosidases activities. L-arginine
inhibitory action against a-amylase activity was compa-
rable to acarbose and higher than verbenone and their
combination. However, the combination of the two com-
pounds used in this study inhibited a-glucosidases better
compared with verbenone, L-arginine and at higher doses
compared with acarbose. Suggesting that verbenone,
L-arginine, and their combination possess inhibitory
activity on these enzymes and would delay degradation
of carbohydrates and reduce postprandial blood glucose,
this is in agreement with the results of Rhabaso and Chi-
asson [43].

Glucose is an essential fuel in the biological system [45]
and its uptake is due to facilitated diffusion and/or elevated
glucose metabolism that causes its low level in cells. In our
study, verbenone, L-arginine, and their ratio combination
(1:1 v/m) increased glucose uptake by yeast cells in a dose
dependent manner even better than metronidazole. Sug-
gesting that verbenone can enhance glucose uptake, higher
compared with L-arginine or their ratio combination (1:1
v/m). Studies have shown that poorly managed diabetes
resulted to increased concentration of glucose in the blood
leading to increased irreversible glycation of proteins such
as hemoglobin [46]. More so, prolonged hyperglycemia
results to formation of reactive oxygen species (ROS) asso-
ciated with diabetic micro and macro-vascular complica-
tions [31, 47-49]. Verbenone, L-arginine, and their ratio
combination (1:1 v/m) inhibited glycated hemoglobin
formation at varying dosages and time in this work. This
action of verbenone and L-arginine could be linked to
their antioxidant activities [21, 27]. Hence, this shows that
the compounds can reduce oxidation of the haem protein/
ROS formation [49].

Based on our toxicity study (LDgj), verbenone was
found to be safe up to a dose of 2000 mg/kg bwt. Thus,
doses for the study were scaled down to 1:20 and 1:10
respectively. Apart from protecting mice from the lethal-
ity of STZ, administration of the NAD prior to STZ treat-
ment produced a required level of hyperglycemia [50]. In
glucose-loaded hyperglycemic mice, verbenone exhib-
ited the greatest antihyperglycemic activity at a dose of
200 mg/kg bwt compared to the other treatments. The
onset of its antihyperglycemic action and that of gliben-
clamide (5 mg/kg bwt.) began from 30 min after treat-
ment and steadily increased up to 120 min while other
treatments began exhibiting their actions after 90 min.
This action could be because it inhibits glucose metabolic
enzymes or increased glucose uptake for metabolism as
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demonstrated in the in vitro study or because it increases
glucose uptake by peripheral cells [51].

In NAD-STZ induced diabetic mice, verbenone dem-
onstrated significant (p <0.05) hypoglycemic effects. The
verbenone at a dose of 200 mg/kg bwt, provided con-
siderable hypoglycemic effects. After fourteen (14) days
of intervention, verbenone 100 mg/kg bwt effectively
reduced the glycemic index by 38.23%, slightly lower than
the ratio of verbenone + L-arginine (1:1 v/m) at 200 mg/
kg bwt with 38.42% reduction. L-arginine demonstrated
poor hypoglycemic effect at the doses used apparently
because it is low. Previous reports have indicated that
L-arginine improves glucose tolerance, insulin sensitivity,
and secretion in diabetes [26, 52, 53]. Even though ver-
benone exerted antidiabetic activity better than L-argi-
nine at the doses used in the present study, L-arginine
improved its dissolution in 5% DMSO and showed the
potential of balancing its hypoglycemic effects [25].

Diabetes is also known to be associated with elevated
levels of liver and plasma lipids which represent a high-
risk factor for cardiovascular disease (CVD) [54, 55],
which is the number one cause of death globally [56].
This is often linked to alterations in metabolic and reg-
ulatory mechanisms due to insulin deficiency or insu-
lin resistance, all of which have been proven to enhance
release of fatty acids from adipose tissues into the plasma
by decreasing the lipoprotein lipases activities [57], thus
resulting to insulin resistance, and hyperglycemia with
subsequent P-cell damage. The NAD-STZ-induced dia-
betic mice developed hyperlipidemia which is in agree-
ment with the reports of Adisa et al. [31] and Pandey et al.
[58]. Treatment with verbenone and L-arginine reduced
significant (p <0.05) level of HDL-cholesterol and cardio-
vascular indices. These findings implied that verbenone,
L-arginine and their ratio combination (1:1 v/m) can
reduce diabetes-associated complications such as cardio-
vascular disease by enhancing lipids metabolism.

In diabetic conditions AST, ALT, and ALP activities
are reportedly increased in plasma. Treatment with ver-
benone, L-arginine and their ratio combination (1:1 v/m)
resulted in a reduction in levels of these enzymes in both
liver and plasma except in the higher dose of L-arginine.
The hepato-protective potentials of treatments at the
doses could be due to their antioxidant properties, which
can reduce peroxidation in the liver, and reduce forma-
tion of ROS, which are known to affect liver and kidney
functions in diabetics [59].

5 Conclusions

The present study demonstrated that verbenone and
L-arginine possess in vitro antidiabetic activities by
enhancing glucose uptake and inhibiting glycated hemo-
globin formation. Furthermore, the compounds exerted
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in vivo antidiabetic action through amelioration of
hyperglycemia and hyperlipidemia, as well as reversal of
diabetes-induced alterations in biochemical and cardio-
vascular indices.
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