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ABSTRACT

Background: Mannich bases are an important class of compounds in medicinal chemistry with a wide
spectrum of biological activities, however, knowledge on their toxicity is limited. Materials and
Methods: Two Mannich base hydrochlorides 1a (2-thienyl-B-dimethylaminoethyl ketone hydrochloride) and
1b (B-dimethylaminopropiophenone hydrochloride) were synthesized and characterized on the basis of their
infrared and nuclear magnetic resonance spectral data. The potential effects of the synthesized compounds
(5 mg/kg, i.p, during 30 days) on relative weight, hematological parameters, biochemical parameters, and
neurotoxicity were tested using male Wistar rat. Results: The results showed that compound 1b alters body
weight on the first 10 days (182%, P < 0.01) and on the last 10 days (107%, P < 0.01) of treatment. The same
treatment decreases food intake (P < 0.01) and increases water intake (P < 0.05). Both compounds induced a
deficit on rotarod test manifested by a decrease of grasping time (1a: 65.33%, P < 0.01; 1b: 60.55%, P < 0.01)
and fall time (1a: 59.75%, P < 0.01; 1b: 56.81%, P < 0.01) only on the last day of training. Moreover, Mannich
base 1b decreases the liver relative weight (22.24%, P < 0.01). It was also observed that both products decrease
the total serum cholesterol (Ch) levels (1a: 52.87%, P < 0.01; 1b: 64.70%, P < 0.01). Interestingly, compounds
la and 1b affect hematological parameters manifested by an increase of the number of white blood cells
(1a: 32.29%, P < 0.05; 1b: 20.64%, P < 0.05) and red blood cells (RBCs) (1a: 12.57%, P < 0.05; 1b: 20.11%,
P < 0.05), an increase of red cell hemoglobin concentration (1a: 10.48%, P < 0.05; 1b: 16.12%, P < 0.05) and
of the volume occupied by RBCs or hematocrit (1a: 18.28%, P < 0.05; 1b: 15.56%, P < 0.05), and an increase of
the number of platelets (1a: 16.80%, P < 0.05; 1b: 39.96%, P < 0.05) accompanied by a decrease in hemoglobin
level only with the compound 1a (7.41%, P < 0.05). Conclusion: These results show that both compounds
la and 1b induced a hypoxia status associated to low level of Ch and liver toxicity. The deficit observed by
rotarod could be explained by the myorelaxant effect of the used products.
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SN  INTRODUCTION

Quick Response Code: Website:

A Mannich base is a f-aminoketone, which is formed in
the reaction of a primary or secondary amine or ammonia
with formaldehyde and an enolizable ketone. This process
is known as the Mannich reaction.!*?!
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in medicinal chemistry with a wide range of
biological properties including antimicrobial B!
anticancer,”'% anti-inflammatory,*!'* analgesic,!**! and
anticonvulsant!'®18] activities. Some of these compounds
are also known for their applications as anti-verus of
human imminidéficience (VIH) and antituberculosis,**-2#]
antimalaria,[**28 antifungal,**3% antiflaviviridae,®!) and
spermicidall®®! agents.

The biological activity of such molecules has been
attributed to the a-Punsaturated ketones liberated
from Mannich bases by deamination process under
physiological conditions.!*¥3] These o-, B-unsaturated
ketones are very sensitive for Michael addition to alkylate
certain cellular constituents especially thiol groups.[33-3¢!
Among these cellular thiols, glutathione (GSH) is the
most abundant, and Mannich bases are reported to
inhibit one or more of the following enzymes in the
GSH metabolism namely GSH S-transferases, GSH
reductase, gamma-glutamyl transpeptidase, and GSH
peroxidase. ]

It is important to note here that the disadvantages of
traditional alkylating agents used in cancer chemotherapy
such as mutagenicity!*® and carcinogenicity®! may be
prevented by using Mannich bases, since interactions with
nucleic acids, which are completely devoid of thiol groups,
would be avoided.

Despite the wide spectrum of biological activities associated
to Mannich bases, knowledge on their toxicity is limited.
Therefore, we report in the present study, the synthesis of
2-thienyl-B-dimethylaminoethyl ketone hydrochloride (1a)
and B-dimethylaminopropiophenone hydrochloride (1b)
and the evaluation of their potential effect on relative
weight, hematological parameters, biochemical parameters,
and neurotoxicity in rats at the dose of 5 mg/kg considered
like active dose.[*!

MATERIALS AND METHODS

Chemistry

Mannich base hydrochlorides 1 were prepared according
to the reported Mannich synthetic procedure which
involves a three-component condensation of an enolizable

ketone with formaldehyde and a secondary amine.[*!
Experimentally, the reaction of the enolizable ketone
with equimolar amounts of paraformaldehyde and
dimethylamine hydrochloride, performed in refluxing 95%
ethanol, for 3 h, in the presence of a catalytic amount of
concentrated HCI, led to Mannich base hydrochlorides 1
[Figure 1].

The structures of compounds 1 were confirmed by
infrared (IR) and nuclear magnetic resonance (NMR)
spectroscopies. 'H and *C NMR spectra were recorded
with a mixture of CDCIL, and DMSO-4, as the solvent, on
a Bruker-300 spectrometer. The chemical shifts are reported
in ppm relative to tetramethylsilane (internal reference). The
coupling constants are reported in Hz. For the '"H NMR,
the multiplicities of signals are indicated by the following
abbreviations: s: Singlet, d: Doublet, t: Triplet, q: Quartet,
and m: multiplet. IR spectra were recorded on a Nicolet
IR200 spectrometer.

General procedure for the synthesis of
Mannich base hydrochlorides 1

A mixture of the methylketone (0.20 mol), dimethylamine
hydrochloride (0.20 mol), paratormaldehyde (0.25 mol),
and concentrated HCI (0.50 mL), in 30 mL of 95%
ethanol, was refluxed for 3 h. After cooling, acetone
(150 mL) was added and the mixture was left overnight
in the refrigerator. The crystals formed were filtered
and recrystallized from a mixture of acetone and 95%
ethanol.

Spectral data for compounds 1

2-thienyl-f-dimethylaminoethyl ketone
hydrochloride (1a). White solid, mp = 194°C; yield (%)
= 58; 'H NMR (CDCI, + DMSO-4): 6 = 2,04 (s, 6H,
CH,- NH- CH,); 2.48 (t, 3H, °J,,, = 6,0 Hz, O=C-
CH,-CH,); 3.56 (t, 3H, °J,,, = 6,0 Hz, CH,-CH -
NH (CH,),); 6,68-7,27 (m, 3H, arom-H); 9,01 (broads,
1H, H-N-(CH,),); *C NMR (75.5 MHz, CDCL,):
34.0 (s, CH,-NH-CH,); 42.2 (s, O=C-CH,-CH,));
51.5 (s, CH,-CH,-NH (CH,),); 189.2 (s, C=0); thienyl
carbons: § =128.5, 133.3, 135.1, 142.6; IR (neat):
v =1662cm ;v .. = 3399 cm™.

CcC=0 > "N-H

B-dimethylaminopropiophenone hydrochloride (1b).

@ 0
R_ﬁ_CHg, + CH2=0 + Me2NH2,CI
(6]
1a:R = ﬂ 1b: R =Ph
S

HCI (cat.) @ ©
R-C-CH2-CH2-NHMe2,CI

EtOH, reflux, 3 h

1

Figure 1: Synthesis of Mannich bases hydrochloride 1
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White solid, mp = 166°C; yield (%) =53; 'H
NMR (CDCI, + DMSO-4,): 6 =2,82 (s, 6H, CH,-NH-
CH,); 2.82 (t, 3H, °J,, = 6,0 Hz, O=C-CH,-CH,);
3.63 (t, 3H, *J,, = 6,0 Hz, CH,-CH,-NH (CH,)
,); 7.38-7.93 (m, 5H, arom-H); 11,40 (broad s, 1H,
H-N (CH,),); *C NMR (75.5 MHz, CDCl,): 33.1 (s,
CH,-NH-CH,); 42.6 (s, O0=C-CH,-CH,); 52.1 (s, CH,—
CH,-NH (CH,),); 195.8 (s, C = O); phenyl carbons: §
= 127.5,128.0, 133.3, 135.3; IR (neat): v, _, = 1687
cm™ v = 3402 cm™,

Biological investigation

A total of 18 male Wistar rats were used in this study,
in conformity with the local ethic committee of Tunis
University and in agreement with the NIH guidelines.!*?!
They were maintained in animal facility at controlled
temperature (22 = 2_C), a 12-h light/dark cycle and divided
into three groups of six animals each fed either a standard
diet (SD) for 4 weeks, the SD consisted of 5% fat, 70%
carbohydrate, and 25% protein (ALMAS, Bizerte, Tunisia),
as control rats (C, n = 6), treated with compound (1la,
n = 6) and treated with compound (1b, » = 6). Initially
both of the compounds were suspended in NaCl 0.9% and
administered intraperitoneally (i.p.) in a volume of 1 mI/kg
for body weight (bw) of rats and at the doses of 5 mg/kg
bw of rats. The control group received physiological serum
NaCl 0.9%.

Study of bw

The evaluation of bw was done at the first day and every
10 days of the experiment for the three groups. The study of
food intake and water is determined every 24 h with 500 g
for food and 750 g for water, during 30 days.

Neurotoxicity screening

Minimal motor impairment was measured in rats by the
rotarod test. The rats were trained to stay on an accelerating
rotarod that rotates at 30 rpm. The rod diameter was
3.20 cm.[**I Trained animals were given 1.p. injection of
the tested compounds at the dose of 5 mg/kg.

Neurotoxicity was indicated by the inability of animal to
maintain equilibrium on the rod in each of the four trials
during 3 days. The full time, the walking, and grasping
time were recorded in second (s) and compared to control
to evaluate behavior deficits.

Blood sampling protocol

Blood samples (approximately 0.50 mL/sample) were
collected in vials containing ethylenediaminetetraacetic
acid for hematological investigation or heparin for
biochemical studies. Hematological parameters were
assayed by Medonic precision instruments for hematology
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research (CDS Medonic Hematology Analyzer Series, CA
620/530).

Blood chemistry

Control and treated rats were sacrificed 24 h after the
last exposure. Blood was collected in heparinized chilled
tubes and immediately centrifuged. Aliquots of plasma
were frozen and stored at —80°C prior to biochemical
analysis. Plasma triglycerides and total cholesterol (Ch)
were measured using the enzymatic methods according
to manufacturer instructions (Chrono Labo, France).[*7#8]

Statistics

Each group consisted of six animals; data are reported as the
mean * standard error of the mean. Differences between
means were evaluated by one-way analysis of variance
and the post-hoc test was: Honestly significant difference
de Tukey. All analyses were performed using Statistica
version 5.00 for Windows. Statistical significance of the
differences between the means was assessed by Student’s
t-test. The level of significance was set at P < 0.05.

RESULTS

Effects of compounds 1a and 1b on body and
relative weight

We observed that the injection of compound 1b induced
a decrease of bw on the first 10 days (P < 0.01) and on
the last 10 days (P < 0.01) of treatment [Figure 2], a
decrease of food intake (P < 0.01), and an increase of water
intake (P < 0.05) [Figure 3a, 3b]. Compound la, in contrast,
failed to alter these parameters. Interestingly, we noted that
only Mannich base hydrochloride 1b induced a significant
decrease in liver relative weight (3.25 g/100 g bw + 0.13 vs.
4.18 g/100 g bw = 0.13, P < 0.05). The kidneys and brain
relative weights remained unaffected by la and 1b. (kidneys
relative weight: 0.47 g/100 g bw = 0.02 vs. 0.43 g/100 g

50 4 Hc
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Variation rateof body weight
of rats (g)

-30 4
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-50 J

Figure 2: Effects of subchronic treatment of Mannich bases on body
weight. C: Control rats; 1a: Treated rats by 1a product, 1b: Treated
rats by 1b product. Data represent the means + standard error of the
mean (n=6). (1lavs. C; 1bvs. C; **P < 0.01)
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Figure 3: Effects of subchronic treatment of Mannich bases: (a) Effects on
water intake, (b) Effects on food intake, C: Control rats; 1a: Treated rats by
1a product. 1b: Treated rats by 1b product. Data represent the means +
standard error of the mean (n=6) (1avs. C; 1bvs. C, **P<0.01,*P<0.05)

Relative weight g/100 g bw

Brain Liver

kidney

Figure 4: Effects of subchronic treatment of Mannich bases on
organs relative weight, C: Control rats; 1a: Treated rats by 1a product.
1b: Treated rats by 1b product. Data represent the means + standard
error of the mean (n=6) (1avs. C, 1b vs. C, *P < 0.05)

bw + 0.01,P > 0.05 for 1a; 0.44 g/100 g bw = 0.01 vs. 0.43
g/100 g bw =+ 0.01, P > 0.05 for 1b; brain relative weight:
0.73 g/100 gbw =+ 0.03 vs. 0.68 g/100 g bw + 0.02, P > 0.05
for 1a; 0.63 g/100 g bw = 0.01 vs. 0.68 g/100 g bw =+ 0.02,
P > 0.05 for 1b) [Figure 4].

Neurotoxicity screening

Subchronic exposure of rats to compounds 1 induced a
decrease of fall time only on the last day (day 3) of trained
on rotarod (4.25 s = 0.3 vs. 10.56 s = 2.2, P < 0.01 for
la; 4.56s = 0.6 vs. 10.56 s = 2.2, P < 0.01 for 1b). This
observation can be explained by the significant effect of both
compounds either on the grasping time (3.12's + 0.24 vs.
9s+22 P <0.01 for la; 3.55s = 0.6 vs. 9s = 2.2,
P < 0.01 for 1b) or on the walking time (1.12 s = 0.1 vs.
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Figure 5: Evaluation of the effect of Mannich bases (1) on rat behavior
with rotarod test. C: Control rats. 1a: Treated rats by 1a product.
1b: Treated rats by 1b product. Data represent the means + standard
error of the mean (n = 6) of four trials/days/group during 3 days for
the grasping, the walking, and the fall times. (1a vs. C; 1b vs. C,
**P<0.01, *P < 0.05)

1.56s +0.1,P <0.05forla; 1.1s = 0.06vs. 1.56s = 0.1,
P < 0.05 for 1b) [Figure 5].

Hematological parameters

Both compounds la and 1b affect hematological
parameters manifested by an increase of the number of
white blood cells (WBCs) (12.37 103/mm?® = 0.56 vs.
9.35 103/mm?® = 0.5, P < 0.05 for la;
11.28 103/mm? + 0.42 vs. 9.35 103/mm? + 0.5, P < 0.05 for
1b) and red blood cells (RBCs) (7.61 103/mm? = 0.24 vs.
6.76 103/mm?® = 0.28, P < 0.05 for la; 8.12 10%
mm?® = 0.09 vs. 6.76 103/mm? + 0.28, P < 0.05 for 1b), an
increase of red cell hemoglobin concentration (Hb) (13.7 g/
dl = 0.22 vs. 12.4 g/dl = 0.42, P < 0.05 for la;
14.4g/dl + 0.2vs. 12.4 g/dl + 0.42, P < 0.05 for 1b) and of
the volume occupied by RBCs or hematocrit (HT) (38.23
% 0.4 vs. 32.32 % +0.92, P < 0.05 for 1a; 37.35 %
+0.44 vs. 32.32 % =0.92, P < 0.05 for 1b), and an
increase of the number of platelets (PLT) (861.67 103/
mm?® = 10.57 vs. 737.67 103/mm® = 14.18, P < 0.05
for la; 1032.5 103/mm?® = 16.68 vs. 737.67 103/
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mm?® = 14.18, P < 0.05 for 1b) accompanied by a decrease
in Hb level only with the compound la (HL) (35.83 g/
dL + 0.36 vs. 38.7 g/dL + 0.39, P < 0.05).

Itis important to note here that we observed no significant effect
on the diameter of red blood cells (50.38 microns = 1.27 vs.
47.65 microns = 0.75, P > 0.05 for la; 45.98
microns * 0.51 vs. 47.65 microns =+ 0.75, P > 0.05 for 1b) and
on the mean corpuscular erythrocytes (18.05 pg = 0.43 vs.
18.41 pg + 0.24 for 1a; 17.73 pg = 0.26 vs. 18.41 pg + 0.24,
P > 0.05 for 1b) [Table 1].

Biochemical parameters

The same treatment with Mannich base hydrochlorides
1 decreased the total Ch level (0.41 g/L = 0.02 vs.
0.87 g/L = 0.09, P < 0.01 for la; 0.30 g/L + 0.009 vs.
0.87 g/L £ 0.09, P < 0.01 for 1b), but did not affect the
serum triglyceride concentrations (0.58 g/L = 0.01 vs.
0.53 g/L = 0.02, P > 0.05 for 1a; 0.60 g/L = 0.01 vs.
0.53 = 0.02, P > 0.05 for 1b) [Figure 6].

DISCUSSION

In the present investigation, we have synthesized
two Mannich base hydrochlorides 1la
(2-thienyl-B-dimethylaminoethyl ketone hydrochloride)
and 1b (B-dimethylaminopropiophenone hydrochloride),
then we focused our efforts to evaluate their effect on relative
weight, hematological parameters, biochemical parameters,
and neurotoxicity in rats at the dose of 5 mg/kg. We
observed that the subchronic treatment with the Mannich
base 1b produced a significant decrease in rat’s bw. We also
observed a decrease of food intake accompanied with an
increase of water intake. Interestingly; the same treatment
with compound 1b induced a decrease in liver weight.
These results were, first, in accordance with the findings
of Holmgren®! showing liver toxicity by an inhibitory
effect of Mannich bases on respiration in rat liver-cells by

Group (C) Group (1a) Group (1b) Group (1c)
WBC (10%/mm?) 9.35+0.50 12.374£1.05* 11.28+0.42*
RBC (10%/mm?) 6.76+0.28 7.61+0.24* 8.12+0.09*
Hb (g/dL) 12.4040.42 13.70+0.22* 14.40+0.22*
HT (%) 32.32+0.92 38.23+0.40* 37.35+0.44*
PLT (103/mm?3) 737.67£14.18 861.67+10.57* 1032.50+16.68*
DRBC (microns) 47.65+0.75 50.38+1.27 45.98+0.51
HL (g/dL) 38.70+0.39 35.83+0.36* 38.56+0.23
MCE (pg) 18.41+0.24 18.05+0.43 17.73+0.26

Data represent the meanststandard error of the mean (n=6), compared with
control (C), *: P < 0.05. Hb=Hemoglobin, HT=Hematocrit, RBC=Red blood
cells, WBC=White blood cells, PLT=Platelets, DRBC=Diameter of red blood cell,
HL=Hemoglobin level in red blood cells, MCE=Mean corpuscular erythrocytes,
C=Control rats, la=Treated rats by 1a product, 1b=Treated rats by 1b product
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poisoning respiratory, cytochromes system,[*! and with the
findings of Cunningham et a/.,5° and Gul ez al.,*!) which
demonstrate that o, B-unsaturated ketones released from
Mannich bases act as alkylating agents toward the essential
thiol groups in living cells, resulting in a decrease of the
cellular GSH level and in toxicity and hepatic centrilobular
cytoplasmic vacuolation in male rats.

Furthermore, we showed that Mannich bases 1 impaired
the rotarod performance of the tested rats, probably due
to the involvement of dopaminergic mechanisms!** or to
anticonvulsant and myorelaxant effects. Indeed, it is known
that the rotarod test is useful for evaluating pharmacological
actions of psychotropic agents such as myorelaxant effect
and anticonvulsant effect in the central or peripheral nervous
system,*l and that Mannich bases undergo deamination
to give o, B-unsaturated ketones which are able to cross
the blood-brain barrier to exert anticonvulsant activity.!*8!
Mannich bases are also known to possess centrally acting
myorelaxant effect.!*!

We also demonstrated that subchronic exposure to
Mannich base hydrochlorides 1 was associated with high
levels of Hb, HT, and RBC; indicating a development of
hypoxia-like status. The increase of RBC production, or
polycythemia, is a feedback to erythropoietin produced by
the kidneys according to the quantity of oxygen present
in tissues especially by Kiipfer cells.®® The increase of
WBC levels reflects the presence of inflammatory process
in rats. Interestingly, both phenomena (hypoxia-like and
inflammation) are responsible for the increase of PLT;
these results are in accordance with those of Morgan
et al.,5%%7) showing that Mannich bases and related
unsaturated ketones can cause a severe damage on
respiratory system. We note, on the contrary, a metabolic
disruption as mentioned by a decrease in blood Ch level
probably related to the effect of f-aminoketones on Ch
acyltransferase and/or on the promoting high-density
lipoprotein receptor (SRBI) expression effect.[*8) We
suggest that the present treatment can cause many vascular
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Figure 6: Biochemical effects of subchronic treatment of Mannich
bases, CL: Effect on serum cholesterol level; TG: Effect on serum
triglycerides concentration. C: Control rats. 1a: Treated rats by 1a
product. 1b: Treated rats by 1b product. (1avs. C; 1bvs. C, **P < 0.01
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damage supported by hematological and biochemical
investigations.

In accordance to our results related to the decrease of
grasping time and walking time, we can suggest that
Mannich base hydrochlorides 1 could firstly influence
the central and/or peripheral nervous system activities
and muscle metabolism. Interestingly, hypoxia-like
status induced by Mannich bases combined to metabolic
disruption (low level of Ch) could explain in part the
myorelaxation observed effects.

The results of our investigations showed that compound
1b are in general more toxic than la. We think that the
introduction of a phenyl group in the lateral chain of product
1b confers more toxicity than the thienyl group in product la.

In conclusion, subchronic administration of Mannich base
hydrochlorides 1, with a dose of 5 mg/kg, intraperitoneally,
may cause a hypoxia status, liver toxicity, metabolic
disruption, and myorelaxant effect leading to behavioral
deficit showed by the rotarod test.
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