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ABSTRACT

Previous work had demonstrated the lack of hypoglycemic effect of the butanol-ethyl acetate fraction (BEAF) of
the leaves of Dialium Guineense (Caesalpiniaceae). However, this same fraction is anti-hyperglycemic in glucose
tolerance test in type 2 diabetic rats. The purpose of that study was to evaluate the effect on blood glucose of dietyl
terephthalate (DT) isolated from BEAF of D. guineense leaves. Diethyl terephthalate (DT) was tested in
normoglycemic rats, glucose tolerance test and type 2 diabetic rats. Per os administration of DT in normoglycemic
rats is not associated with a significant change in basic blood glucose. At 30 mg/kg per os, blood glucose ranges
from 0.7620.02 to 0.84+0.02 g/L (ns, n=5). Under the same conditions, similar results were observed at 100 mg/kg
per 0s (0.91+0.04 vs 0.95+0.03 g/L) (ns, n=5). In glucose tolerance test, prior administration of DT (30 mg/kg, 100
mg/kg, per os) significantly prevents the appearance of frank hyperglycemia. The blood glucose was 1.10+0.04
g/L and 1.29+0.08 g/L, respectively at 30 mg/kg and 100 mg/kg per os, after DT administration vs 2.04+0.13 g/L
in control group (p<0.05, n=5). The daily administration of DT (30 mg/kg, per o0s) in type 2 diabetic rats
significantly prevents the hyperglycemia previously observed in the control group. The effect profile on blood
glucose of DT is identical to that butanol-ethyl acetate fraction (BEAF) of the leaves of D. guineense and is
reminiscent that of antihyperglycemic agents of thiazolidine-dione group. The anti-hyperglycemic action of DT
would involve the body peripheral tissues.
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1. INTRODUCTION

Type 2 diabetes results from resistance of peripheral
tissues to the action of insulin, associated with disorders
of insulin secretion. Insulin resistance results from a
decrease in the sensitivity of peripheral tissues to the
action of insulin. In fact, the mechanisms involved in
insulin resistance are an insensitivity of the insulin
receptor and a decrease in the expression of GLUT-4
glucose transporter at the plasma membrane of skeletal
striated muscle cells.*? The body compensatory
response to insulin resistance is an insulin hypersecretion
from the B-pancreatic cells of the Langherans ileum.?!
Compensatory insulin hypersecretion leads to the long
run to depletion of B-pancreatic cells and insulin
secretion disorders.

The treatment of type 2 diabetes uses insulin secretors
such as sulfonylureas, whose leader is glibenclamide and
more recently GLP-1 (glucose-like peptide-1) analogues

(exenatide, liraglutide) and DDP-4 (dipeptidyl-peptidase-
4) inhibitors (vildagliptin, saxagliptin).*® It also
involves molecules that improve the sensitivity of
peripheral tissues to the action of insulin, namely
biguanides such as metformin and thiazolidines-diones
like rosiglitazone and pioglitazone.”*!

Natural products, especially those of plant origin, have
always been an important source of molecules of
therapeutic interest. Indeed, many of the drugs in the
therapeutic arsenal have natural or hemiisynthetic origin,
most often from a molecule of the plant kingdom.
According to the World Health Organization (WHO),
80% of people in developing countries have used
medicinal plants for their primary health care at least
once in their lives.*?

Dialium guineense (Caesalpiniaceae) is a plant of the
traditional senegalese pharmacopoeia commonly known
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as “Solom” in wolof. In traditional environments, D.
guineense is used as an antidiabetic, antipyretic and
defatigant.™®!

Phytochemically, a previous study had revealed the
presence of alkaloids, anthraquinones, flavonoids,
saponins and tannins in D. guineense leaves.™

The aqueous or methanol extract of D. guineense leaves,
containing tannins and flavonoids, doesn’t have any
hypoglycemic effect on normoglycemic rats in acute
administration. Howhever, it is antihyperglycemic in
glucose tolerance test and after daily administration in
type 2 diabetic rats. Moreover, the F5 fraction of the
methanol extract of D. guineense leaves containing
essentially flavonoids is both hypoglycemic in
normoglycemic rats and anti-hyperglycemic in glucose
tolerance test.'>*°!

The butanol-ethyl acetate (BEAF) fraction of D.
guineense leaves containing flavonoids and tannins has
no effect on blood glucose in normoglycemic rats.
However, it is anti-hyperglycemic in glucose tolerance
test and type 2 diabetic rats.*"!

The purpose of that study was to isolate, identify and
evaluate the effect on blood glucose of BEAF
compounds of D. guineense (Caesalpiniaceae) leaves.

2. MATERIALS AND METHODS

2.1 Plant material

Fresh leaves of D. guineense were harvested in
Cabrousse in the region of Ziguinchor in Senegal, in
December 2018. They were identified at the Botanical
Laboratory of the Faculty of Medicine, Pharmacy and
Odontology (FMPOQO) of Cheikh Anta Diop University
(CADU) and then dried at the Laboratory of
Pharmacology of said Faculty. After being dried in the
shade for two weeks at room temperature (25°C), the
leaves were pulverized using a Brabender® electric
crusher. The powder obtained is of bitter taste and green
colour. It has a sternutatory power.

2.2 Animal Material

It is made up of normoglycemic rats of the Wistar Kyoto
strain, bred at the Laboratory of Pharmacology pet store
at 25°C, under the light of the day and darkness at night.
They were fed with Poulette at SENTENAC®’s mill
from Dakar and had free access to tap water.

2.3 EXPERIMENTAL PROCEDURES

2.3.1 Preparation of Butanol-Ethyl acetate fraction
(BEAF)

The powder of D. guineense leaves (300 g) has been
subjected to an aqueous decoction for 1h 30 min. After
cooling and filtration, the aqueous filtrate was subjected
to a liquid-liquid separation in a separating funnel,
successively with ethyl acetate and n-butanol. The
collected filtrates were mixed and gave an butanol-ethyl

acetate fraction (BEAF) after evaporation. The diagram
in Fig. 1 describes the BEAF extraction diagram.™*”]

2.3.2 Purification of Butanol-Ethyl acetate fraction
(BEAF)

The purification was performed on a glass TLC plate
covered with silica gel, coated with the fluorescent
indicator F254. BEAF has been dissolved in methanol.
Using capillaries, spots were applied to the ends of the
20x20 cm silica gel TLC plate about 1cm from the edge
on one side. After drying the stains, the plates were
placed into a saturated development vessel with an
ethanol/ethyl acetate/chloroform solvent eluent system
(5/2.5/2.5). When the front of the solvent covered three-
quarters of the plate, it was removed and the front of the
solvent was immediately marked. The plate was dried at
room temperature. It was then analysed using a UV
lamp. The distances travelled by each point were
measured using a ruler and recorded. The stains have
been carefully scraped, separately dissolved in methanol
and centrifuged for 20 min. The supernatants were
concentrated and allowed to evaporate at room
temperature. The partially purified compounds obtained
were stored in pillboxes and put in a desiccator. This
process was repeated eleven times in a row for each used
plate. A total of 5 spot groupings were obtained. A
distinction is made between HD2-R1, HD2-R2, HD2-R3,
HD2-R4, HD2-R5, with respective frontal rapports (fr) fr
ratios (HD2-R1) = 0.25; fr (HD2-R2) = 0.33; fr (HD2-
R3) = 0.55; fr (HD2-R4) = 0.72 and fr (HD2-R5) = 0.88
(Table 1). HD2-R1 mass m (HD2-R1) product equals to
148 mg was characterized by NMR (1D and 2D).

2.3.3 NMR Spectroscopy

2.3.3.1 13C NMR spectrum of HD2-R1 compound

The analysis of the 13C NMR spectrum (Fig. 2a-b)

reveals the presence of 12 carbons:

- 2 carbonyls C1 and C2 at 169.2 ppm corresponding
to an ester

- 6 aromatic carbons among which 2 quaternary C3
and C4 at 133.5 ppm and 4 CH C5, C6, C7, and C8
at 129.8 ppm,

- 2 methylene carbons C9 and C10 at 62.8 ppm,

- 2 methyl carbons C11 and C12 at 14.3 ppm.

2.3.3.2 1H NMR and HSQC spectrum

The combined analysis of the HSQC spectra (Fig. 3) and
the 1H NMR (Fig. 4) assigned each proton to the carbon
to which it is directly related. On NMR 1H spectrum we
distinguish:

- A doublet (d) at 7.6 ppm corresponding to the aromatic
protons H5, H6, H7, H8.

- A 4.3 ppm quadriplet (q) corresponding to H9 and H10
methylenes.

- A triplet (t) at 1.3 ppm corresponding to the methyl
protons H11, H12.

2.3.3.3 COSY spectrum of HD2-R1 compound
The COSY spectrum (Fig. 5a-b-c) shows two couplings.
Protons H9 and H11 couple in *J as well as protons H10
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and H12. The aromatic protons H6 and H8, as well as the
protons H5 and H7 couple in J. These fragments were
used to position C5, C6, C7, C8, C9, C10, C11, C12.

2.3.3.4 HD2-R1 Compound HMBC Spectrum

The HMBC spectrum (Figure 6a-b) allows to visualize
heteronuclear couplings in 3J, 4J. Thus, based on the
analysis of the HMBC spectrum of this compound, the
position of C9 and C10 is confirmed by the correlation of
their protons with C1 and C2 carbonyls. Thus, C11 and
C12 are assigned. Quaternary aromatic carbons C3 and
C4 are positioned thanks to their correlations with
protons H5 and H6. Chemical movements are recorded
in Table 2.

2.3.4 Pharmacological Trials

The use of animal material has been approved by the
ethics committee of Cheikh Anta DIOP University
(CADU) of Dakar (Protocol: 0373/2019/CER/UCAD).

2.3.4.1 Normoglycemic rats

The rats have been fasted for 12 hours. They were
divided into batches of 5 rats ecah. At time TO, a blood
sample was taken from the retro-orbital sinus.
Physiological water (10 mil/kg, per o0s) and diethyl
terephthalate (DT) (30 and 100 mg/kg, per os) have been
administered. Blood samples have been taken every hour
for 4 hours.

2.3.4.2 Glucose tolerance test

Five batches of 5 rats have been previously fasted for 12
hours. Blood samples were taken at time T-90 min, that
is 90 min before glucose per os (4 g/kg). Immediately
thereafter, the rats were fed with physiological water (10
ml/kg) and DT (30 and 100 mg/kg). At time TO, a blood
sample was taken at the retro-orbital sinus followed by
gavage of rats with a glucose solution at 4 g/kg. Blood
samples have been taken every 30 min for 120 min.

2 .3.4.3 Type 2 diabetic rats

Type 2 diabetes was induced in normoglycemic rats by
intraperitoneal (IP) injection of alloxane monohydrate
solution into saline at 150 mg/kg body weight. After 72
hours, rats developed positive glucosuria, which was
appreciated with Keto-Diastix test strips. A blood sample
was taken to determine zero day blood glucose.

Rats with blood glucose above 2 g/L were selected and
divided into 4 lots of 5:

Lot 1 (physiological serum at 10 mg/kg per 0s);

Lot 2 (DT: 30 mg/kg, per 0s);

Lot 3 (DT: 100 mg/Kkg, per 0s);

Lot 4 (glibenclamide: 0.3 mg/kg, per 0s).

The rats were fed daily, samples have been taken every
other day for 8 days of observation.

2.3.5 Determination of Blood Glucose
Blood glucose levels have been determined using the
Accu-chek glucose monitor.

2.4 Analysis and expression of results

The results have been expressed on average more or less
standard error to the mean (Moyxsem). The homogeneity
of the different groups was verified by variance analysis
(ANOVA). The statistical comparison was done with the
Student test. A value of p<0.05 has been set as the
significance threshold, n = 5 is the number of
experiments in each group.

3. RESULTS

3.1 Extraction Efficiency

The extraction efficiency of butanol-ethyl
fraction (BEAF) fraction is 2.32% (Table 3)

acetate

3.2 Spots and Front Reports
The various spots obtained during the CCM are recorded
in Table 1.

3.3 Chemical structure of diethyl terephthalate (DT)
After analysing of the spectra of NMR experiments (1D
and 2D), in comparison with data from the literature!™®,
the compound HD2-R1 was identified as diethyl
terephthalate (DT) (Fig. 7).

3.4 Pharmacological Trials

3.4.1 Tests in Normoglycemic Rats

The administration of physiological water (10 mi/kg, per
0s) does not significantly alter the baseline blood glucose
in rats (0.98+0.05 wvs 0.89+0.05) (ns, n=5).
Administration of DT at the dose of 30 mg/kg per os has
no significant effect on blood glucose (0.84+0.02 vs
0.76+0.02 g/L) (ns, n=5). Under the same conditions,
administration of DT at 100 mg/kg per os is not
associated with a decrease in blood glucose (0.91+0.04
vs 0.95+0.05 g/L) (ns, n=5) (Fig. 8).

3.4.2 Glucose tolerance tests

In rats previously treated with physiological water (10
ml/kg, per 0s), the administration of glucose (4 g/kg, per
o0s) induces frank hyperglycemia whose peak appears
after 30 min (2.04+0.2 vs 0.81+0.06 g/L) (p < 0.05, n=5).
Pretreatment of rats with DT (30 mg/kg, per 0s)
significantly prevents a spike in hyperglycemia during a
glucose tolerance test (1.24+0.2 vs 2.04+0.2 g/L)
(P<0.05, n=5). Similarly, administration of DT at 100
mg/kg per os is associated with an anti-hyperglycemic
effect during a glucose tolerance test (1.29+0.08 vs
2.04+0.2 g/L) (P<0.05, n=5) (Fig. 9).

3.4.3 Tests in Type 2 Diabetic Rats

Daily administration of DT (30 mg/kg per bone) is
associated with a significant decrease in blood glucose
(2£0.5 vs 3.5+0.6 g/L) after 8 days of observation.
However, the prevention of hyperglycemia, in particular
the variation in blood glucose decrease is more
pronounced with glibenclamide, an insulin-secretory
sulfonamide given at the daily dose of 0.3 mg/kg per os
(1.63£0.19 vs 3.93+0.17) (Fig. 10).
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4. DISCUSSION

Previous work had demonstrated the exclusive
antihyperglycemic character of aqueous and methanol
extracts of D. guineense leaf powder in normoglycemic
rats.'>*® Similar results were observed with the butanol-
ethyl acetate fraction (BEAF) of the leaves of this
plant.l"]

Diethyl terephthalate (DT), isolated from the leaves of D.
guineense, does not alter the basic blood glucose levels
of normoglycemic rats. However, it is powerfully anti-
hyperglycemic in glucose tolerance test and type 2
diabetic rats to alloxane. These results suggest an
exclusive anti-hyperglycemic character of DT such as
some classic anti-hyperglycemic agents such as
biguanides  (metformin) and  thiazolidinediones
(rosiglitazone, pioglitazone). Therefore, it is established
that DT does not stimulate the secretion of insulin such
as glibenclamide but rather acts at the level of peripheral
tissues like rosiglitazone and metformin, to promote
glucose uptake and probably improve the action of
insulin by stimulating the expression of the GLUT-4
glucose transporter.

In glucose tolerance test, DT is a powerful anti-
hyperglycemic drug. Similar results were observed with
metformin, an insulin-sensitizer and thiazolidinediones
such as pioglitazone and rosiglitazone. Indeed, in
normoglycemic mice, the prior administration of
pioglitazone completely prevents the increase in blood
glucose during a glucose tolerance test. This effect is
also associated with increased expression in the PPAR
receptor and the GLUT-4 glucose transporter. Similar
temporary hyperglycemic prevention results were

reported in mice pre-treated for one week with
metformin, an insulinosensitizer.™**!

The pattern of effect on blood glucose of DT, which
doesn’t have effect on normoglycemic rats and
prevention of temporary hyperglycemia, identical to that
of metformin, rosiglitazone and pioglitazone, would
involve sensitization of peripheral tissues to the action of
insulin.

Alloxanic type 2 diabetes is a characteristic model of
insulin secretion disorders, as opposed for example to the
mouse type 2 diabetes db/db which is a model of insulin
resistance whose characteristics are obesity, permanent
hyperglycemia associated with hyperinsulinemia.?? In
type 2 alloxane diabetic rats, DT significantly prevents
permanent hyperglycemia previously observed in the
control  group. However, the prevention of
hyperglycemia with DT in type 2 alloxane diabetic rats is
less important than that usually observed with insulin-
secretors such as glibenclamide or the F5 fraction of the
methanol extract from D. guineense leaves with
hypoglycemic action.'™ Rosiglitazone, an antidiabetic
agent acting on the body peripheral tissues, does not
stimulate insulin secretion, induces a more pronounced
prevention of hyperglycemia in insulin resistance model
such as db/db mice than in type 2 diabetic rats with
streptozotocin.'?®! DT would help regulate blood glucose
through a mechanism that involves the body peripheral
tissues, which would justify, like rosiglitazone, a limited
anti-hyperglycemic action of DT in insulin secretion
disorder model such as alloxanic type 2 diabetes. If this
hypothesis had to be confirmed, the anti-hyperglycemic
action of DT would be much more marked in insulin
resistance model such as db/db mouse.

[ D. guineense leaf powder{300 g) ]

| Water 2 L I

4-[ Reflux for 1 h 30 mn then filtration ]

|

Aqueous fitrate

[ Ethyl acetate (500 mL) ]

i | Settling I

Ethyl acetate
fraction

l

[ Aqueous fraction ]

|
[ Butanol (500 mL}) ]

| }

Settling

[ Butanol fraction ]

[ Aqueous fraction ]

Figure 1: Extraction diagram of butanol-ethyl acetate fraction (BEAF) from D. guineense leaves.
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Table 1: Frontal reports of isolated EABF compounds.

Frontal report (Fr) 0.25 0.33 0.55 0.72 0.88
Mass (mg) 148 92 160 133 51
C11,C12

C5,C6

\' l/("!,CS o ,;:10 /

160 0 140 90 5 ) se 58 w0 =

Figure 2a: Carbon spectﬁ;m of compound HD2-R1.
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Figure 2b: DEPT 135 spectrum of HD2-R1 compound.
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Figure 3: HSQC spectrum of HD2-R1 compound.
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Figure 4: Proton spectrurh of HD2-R1 compound.
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Figure 5a: HD2-R1 compound COSY spectrum.
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Figure 5b: COSY fragments of the compound HD2-R1.

Figure 5¢: HD2-R1 compound COSY correlations.
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Figure 6a: HMBC spectrum of compound HD2-R1.

Figure 6b: HMBC correlations of HD2-R1 compound.

Table 2: Summari table of the chemical shifts of the HD2-R1 molecule.

wa
Cue Cn2
=

1 169.2 C
2 169.2 C
3 1335 C
4 1335 C
5 129.8 7,6 (d, 1H) CH
6 129.8 7,6 (d,1H) CH
7 1298 7,6 (d, 1H) CH
8 129.8 7,6 (d, 1H) CH
9 62.8 4,3 (q, 2H) CH,
10 62.8 4,3 (q, 2H) CH,
11 143 13 (t, 1H) CH;
12 143 1,3 (t, 1H) CH;

Table 3: Extraction yield of the butanol-ethyl acetate fraction (BEAF
Butanol-Acétate d’éthyle 6,98 2,32

Figure 7: Structure of diethyl terephthalate (DT) (C1,H1404)
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Figure 8: Changes in glycemia after administration of Diethyl terephthalate (DT) in normoglycemic rats. ns :
not significant vs baseline.
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Figure 9: Anti-hyperglycemic effect of diethyl terephthalate (DT) in glucose tolerance test *p <0,05 vs controle.
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Figure 10: Anti-hyperglycemic effect of diethyl terephthalate in type 2 diabetic rats. *p <0,05 vs baseline.
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