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Abstract

Alchemilla kiwuensis Engl. (Rosaceae) (A. kiwuensis) is an herbaceous plant traditionally used by Cameroonians to treat
epilepsy and other central nervous system disorders. The present study evaluated the antiepileptogenic and antiepileptic
effects of A. kiwuensis (40 mg/kg, 80 mg/kg) following Pentylenetetrazole (PTZ)-induced kindling as well as its sub-
chronic toxicity. Following an initial i.p administration of a challenge dose (70 mg/kg), Wistar rats of both sexes received
sub convulsive doses (35 mg/kg) of PTZ every other day, one hour after the oral gavage of animals with treatments, until
two consecutive stage 4, in all animals of negative control. Seizure progression, latency, duration, and repetition were
noted. Twenty-four hours later, animals were dissected to extract their hippocampi. The resulting homogenates were used
to evaluate Malondialdehyde, reduced glutathione, catalase activity, GABA, GABA-Transaminase, glutamate, glutamate
transporter 2, IL-1p and TGF-1 . Sub-chronic toxicity was conducted according to OECD 407 guidelines. The lyophilis-
ate of A. kiwuensis significantly increased the latency of seizure appearance, delayed seizure progression and decreased
seizure repetition and duration. Biochemical analysis revealed that the lyophilisate significantly increased the catalase
activity, reduced glutathione, GABA, glutamate transporter 2 and TGF-1B levels. The lyophilisate equally caused a sig-
nificant decreased in the GABA-Transaminase activity, malondialdehyde, and IL-1 B levels. There was no noticeable sign
of toxicity. A. kiwuensis possesses antiepileptic and antiepiletogenic effects by enhancing GABAergic neurotransmission
and antioxidant properties, coupled to modulation of glutamatergic and neuroinflammatory pathways and is innocuous in
a sub-chronic model. These justifies its local use for the treatment of epilepsy.
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Introduction

Epilepsy is one of the most common neurological disorders

54 Gwladys Temkou Ngoupaye with a high global disability and mortality burden [1]. It is
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in the CNS and accounts for about 50% of all the CNS’
synaptic transmission [6, 7]. It is, however, subject to sev-
eral homeostatic mechanisms, such as the activity of its
transporters, mainly glutamate transporter 2 (or excitatory
amino acid transporter 2: EAAT-2), which is responsible
for its synaptic clearance following its release [8]. The role
of GABAergic-neurotransmission in the pathology of epi-
lepsy has been well documented [9-11]. GABA represents
the major inhibitory neurotransmitter whose main role is to
dampen excitatory tone. Its transmission is also contingent
on homeostatic mechanisms such as the catabolic activity
of GABA transaminase, which is responsible for its syn-
aptic clearance [12—14]. In case of homeostatic failure of
the inhibitory/excitatory balance, an apparent latent period
known as epileptogenesis characterised by plastic changes
that modify a normal brain into an epileptic brain, will take
over [15-17]. The subsequent enhanced glutamatergic trans-
mission triggers several cascades of which, neuroinflamma-
tion and oxidative stress appear to be the most important
and the most targeted by researchers [18, 19].

Kindling is a phenomenon which progressively alters
brain structures rendering it susceptible to unprovoked sei-
zures. Kindling models originally described by Goddaard et
al. [20] have been extensively used over the past 30 decades
to screen potential anti-epileptic drugs [21, 22]; with PTZ-
induced kindling taking the lead over the other methods
[23-25]. PTZ kindling produces robust and reproducible
sequences of molecular and cellular alterations in neuronal
circuits, which enables the study of the mechanisms of epi-
leptogenesis [25, 26]. This model can produce distortions in
both GABA-transmission and glutamate-transmission [27,
28], inducing the production of pro-inflammatory and pro-
oxidative cascades [22, 29-31].

Modern medicine provides several antiepileptic drugs
such as sodium valproate, phenobarbital, phenytoin, benzo-
diazepines, etc., which control seizures, delay epileptogen-
esis and hence protect against epilepsy [32-34]. However,
these medications are efficient at controlling only 70% of
seizure cases [35—-37]. In addition, the toxicity of these drugs
is a safety concern to patients due to their wide range of
side effects ranging from weight gain to initiation and wors-
ening of neuropsychiatric symptoms [38]. Moreover, they
generally fail to prevent or control the progression of the
pathology but rather target its symptoms [5]. Despite sev-
eral efforts made by researchers and pharmaceutical com-
panies, there is still no safe and potent drug to treat epilepsy
[39]. This health crisis highlights the urgency to find better
alternatives for the management of epilepsy. With over 80%
of the world’s population relying on plant-based medicine,
many researchers are redirecting their focus towards finding
phyto-therapeutic alternatives to highly toxic medications
[40, 41].

Alchemilla kiwuensis Engl. is a medical plant used both
by European, Asian and African populations for various
pathologies [42—44]. The medicinal plant is mainly used
by these populations to treat bacterial infections, fungal
infections, anaemia, haemorrhages and diarrhoea [45, 46].
Characterised by a high phenolic contents, the aerial part
of species in the genus Alchemilla are traditionally used as
sedative, anti-inflammatory agents, antioxidant agents, neu-
roprotective agents and hence against neurodegenerative
disorders [47—-49]. Early scientific studies with Alchemilla
kiwuensis Engl. have shown its anti-inflammatory [43] and
the immunomodulatory properties [45]. Our previous stud-
ies on A. kiwuensis, have demonstrated its anticonvulsant
properties following PTZ and picrotoxine-induced acute
seizures, as well as its innocuousness following acute toxic-
ity [23].

The present study was undertaken to continue the explo-
ration of the therapeutic potentials of 4. kiwuensis. This
work sought at investigating the antiepileptogenic and anti-
epileptic properties of Alchemilla kiwuensis following the
PTZ-induced kindling model as well as further illustrating
its safety following a sub-chronic toxicity study.

Materials and Methods
Animals

A total of thirty-five albinos Wistar rats (Ratus norvegicus)
of both sexes aged between 2 and 3 months were used for
the antiepileptic and antiepileptogenic tests and their weight
range at the beginning of the test was between 150 and 200 g,
and each group consisted of 3 females and 4 males. For the
sub-chronic toxicity test, a total of thirty animals were used,
five males and five females per group. The animals were
raised in the research unit of animal physiology and phy-
topharmacology of the department of animal biology of
the University of Dschang in Cameroon. Since antiepilep-
tic drugs are both used by men and women, the decision
to use both gender in this study was taken. Indeed, studies
have shown that sex bias in research is responsible for the
failure of designed treatment that work for one gender and
not the other, and for some side effects of drugs that are
equally applicable for one gender only [50]. Animals were
kept according to sex, at room temperature and subjected to
the natural dark/light cycle. The sex’s distribution in groups
was done according to Miller et al. [51]. In addition, they
received food and water ad libitum. Animals were treated
following the guidelines of Cameroon’s Bioethics commit-
tee (reg N. FWA IRB00001954) and the NIH-Care and Use
of Laboratory Animals manual. As such, efforts were made
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to minimise animal suffering and reduce the number of ani-
mals used in the experiment.

Plant

The plant material consisted of the entire Alchemilla
kiwuensis plant harvested in the west region of Cameroon,
precisely in Bamboutos division at the locality of Balatchi
during the dry season and registered at Cameroon’s National
Herbarium in Yaoundé. The plant was compared to speci-
mens’ number 35,613/HNC (Y.A.) and 35,614/HNC (Y.A.)
for identity. The harvested plant was shade-dried for several
days and pulverised into powder. The resulting powder was
used for extract preparation.

Extract Preparation and Administration

Fifty grammes of the powder were introduced in 1 L of dis-
tilled water, and the mixture was boiled for 10 min. The
resulting extract was allowed to cool, then filtered with a
filter tissue, cotton, and filter paper n° 4 successively. The
filtrate obtained was dried by lyophilisation at 0°c at the
Institute for Medicinal research and study of Medicinal
Plants (/MPM) in Yaoundé, Cameroon. The extraction yield
following lyophilisation was 13.33%. The lyophilisate was
administered p.o at a volume of 10 ml/kg body weight.

Drugs and Chemicals

PTZ procured by Sigma-Aldrich (St. Louis, USA) was used
as an inducing agent and was prepared by dissolving 70 and
35 mg in 10 ml of distilled water to obtain the respective
concentrations of 7 and 3.5 mg/ml. These solutions were
administered by i.p injection at a volume of administration
of 10 ml/kg, yielding administration doses of 70 mg/kg and
35 mg/kg, respectively [22]. Sodium valproate was pur-
chased from Sanofi-Aventis (Paris, France).

Experimental Protocol: PTZ Kindling Induction

A total of thirty-five Wistar rats of both sexes were distrib-
uted into five groups of seven animals each and received
treatments as indicated below:

e Group 1: received only distilled water (10 mL/kg:
vehicle);

e Group 2: received distilled water (10 mL/kg) (negative
control) + inducing agent (PTZ);

e Group 3: received the plant lyophilisate at the dose of
40 mg/kg +inducing agent (PTZ);

e Group 4: received the plant lyophilisate at the dose of
80 mg/kg + inducing agent (PTZ);
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e Group 5: received sodium valproate at 300 mg/kg
dose +inducing agent (PTZ).

PTZ-induced kindling is an established and generally used
model to screen antiepileptogenic and antiepileptic poten-
tials of drugs. This is a simplification of reality and it is a
model used both in the development of ideas on epilepto-
genesis (understanding of the pathogenesis) and in the iden-
tification of drugs effective against epilepsy [52]. Moreover,
neuronal and histological changes observed in the brain tis-
sues of epileptic patients also occur in the brain regions of
PTZ-kindled animals [26, 53].

Kindling was induced following the method described
by Ngoupaye et al. [22]. Briefly, animals received an initial
convulsive dose of PTZ (70 mg/kg). Forty-eight hours later,
animals received sub-convulsive doses of PTZ (35 mg/kg)
and were observed for a duration of 30 min. An hour before
administrations of sub-convulsive doses of PTZ, animals
received various treatments (distilled water, the lyophi-
lisate of A. kiwuensis at various doses, valproate 300 mg/
kg). Administration of sub-convulsive doses was repeated
every other day to all the treatment groups apart from the
vehicle group, until the appearance of stage 4, two consecu-
tive times (the kindled state) as described by Racine scale
(1972) in all animals of the negative control group. Animals
of the vehicle group were treated only with distilled water.
Animals were observed for seizure progression (to assess
the antiepileptogenic effect), the latency of appearance of
the kindled state, seizure repetitions (the number of times
the animal repeated stages 4 or 5 on the kindled day), and
seizure durations (the cumulative duration of seizures fol-
lowing the kindled state), to assess the antiepileptic effect.

Biochemical Analysis

Twenty-four hours (24 h) after the end of the kindling induc-
tion period, the animals were sacrificed by decapitation and
immediately dissected for their hippocampi. These hippo-
campi were weighed and frozen at -20 °C to assay some ele-
ments of the GABAergic signalling pathway, such as GABA
level and GABA transaminase (GABA-T) activity as well
as some parameters of the glutamatergic signalisation such
as glutamate level and its transporter EAAT-2. Inflamma-
tory cytokines IL-1p and TGF-1p, oxidative stress markers,
malondialdehyde (MDA), reduced glutathione (GSH) and
Catalase activity were also assayed.

Homogenates Preparation
Hippocampi were ground to homogenates (10% w/v) in a

porcelain mortar. Each homogenate was prepared using a
0.1 M phosphate buffer containing 1% Triton-100X (pH
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7.4). These homogenates were centrifuged for 15 min
(3000 rpm) at room temperature, and the supernatants were
collected for various assays [54].

Determination of Malondialdehyde Level

A volume of 250 pL of the supernatant was introduced in
test tubes. 250 pl of 20% trichloroacetic acid (TCA), 500 pl
0f 0.67% thiobarbituric acid (TBA), and 10 pl of 0.1% BHT
(Butylated hydroxytoluene) were added to each tube. The
blank solution consisted of all the above-stated elements
except the homogenate. The tubes were sealed and incu-
bated for 10 min at 90 °C and then cooled with tap water.
They were then centrifuged at 3000 rpm for 10 min at room
temperature. The supernatant was pipetted, and the absor-
bance read at 532 nm on a BIORAD spectrophotometer,
SMART SPEC 3000 (USA), against the blank, and results
were expressed in nmol/mg of wet tissue [55].

Determination Reduced Glutathione Level

A volume of 1500 pL of Ellman reagent DTNB (0.1 mM
5,5’-dithiol bis-2-nitrobenzoic acid in 0.3 M phosphate buf-
fer with 1% of sodium citrate solution) was introduced into
test tubes containing 100 puL of supernatant. Next, 100 uL
of phosphate buffer (PBS) was added and then the mixtures
were incubated for 1 h at room temperature. The absorbance
was read using a BIORAD spectrophotometer SMART
SPEC 3000 (USA) at 412 nm against the blank, and results
were expressed in nmol/mg of wet tissue [55].

Determination of Catalase Activity

A 375 pL phosphate buffer (PBS) was introduced into the
test tube containing 25 pL of tissue supernatant. Subse-
quently, 100 pL of 50 mM hydrogen peroxide (H,O,) was
introduced into the tube, and the reaction proceeded for
1 min, after which 1000 pL of the solution of 5% potassium
dichromate +acetic acid was introduced into the reaction
medium to stop the reaction. The tubes were then brought
to boil for 10 min in a boiling water bath. After cooling,
the reading was done using a BIORAD spectrophotometer
SMART SPEC 3000 (USA) at 570 nm against the blank.
The activity was established from an H,O, calibration
curve, and results were expressed in pmol of H,O, decom-
posed/ min/ mg of proteins [55].

Determination of GABA Transaminase Activity
The activity of GABA transaminase (GABA-T) was

evaluated according to the method described by Moto et
al. [56] and is based on the staining formed by succinic

semialdehyde acid resulting from the degradation of GABA
by GABA-T. The reaction medium consisted of 15 umol
of a-oxoglutarate, 15 umol of GABA, and 10 ug of pyri-
doxal phosphate. For this reaction, either 100 ul of super-
natant (test tubes) or 100 pl of 5% methanol (blank tube)
was added and the volume of each tube was filled up to 3
ml using tris-HCI buffer (50 mM, pH 7.4). The tubes were
then incubated at 37 ° C for 30 min. After incubation, 500 ul
of 20% TCA was introduced into each tube, and 30 s later,
1000 pl of 12% FeCl; was introduced into each tube. The
absorbance was immediately read with a spectrophotometer
at 610 nm against the blank, and then a second reading was
taken 60 s after the first reading. The absorbance was pro-
portional to the activity of GABA-T in the sample. GABA-
T activity was expressed as nmol of GABA decomposed/
min/mg protein.

Determination of GABA Level

GABA was evaluated according to the method described by
Moto et al. [56] and is based on the coloration formed by the
reaction of GABA and ninhydrin in an alkaline medium in
the presence of glutamate. In the reaction medium consist-
ing of 200 pul of 0.14 M ninhydrin [prepared in carbonate-
bicarbonate buffer (0.5 M, pH 9.9)] and 100 pl of glacial
trichloroacetic acid (TCA) at 10%, 100 pl of homogenate
was introduced, and the entire solution was incubated at
60 °C for 30 min. After cooling, each tube’s contents were
introduced into tubes containing 5000 pl copper tartrate.
The tubes were then incubated at 25 °C for 10 min. The
absorbance was then read on a spectrophotometer at 451 nm
against the blank and was proportional to the concentration
of GABA in the sample. The concentration of GABA in
each sample was expressed in pg/mg of tissue.

Determination of Glutamate Level

Glutamate level was evaluated by the colorimetric method
according to the manufacturer’s instructions (BioVision
glutamate colorimetric assay kit), and it was based on the
ability of the Glutamate mix enzyme to recognize glutamate
as a specific substrate leading to a proportional colour for-
mation. The results were expressed as pmol/uL.

Determination of EAAT-2
Excitatory amino acid transporter 2 (EAAT-2) level was
evaluated with a commercially available CLOUD-CLONE

enzyme-linked immunosorbent assay kit. The assay was
conducted according to the manufacturer’s protocol.
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Determination of IL-1f and TGF-1

The tissue levels of the pro-inflammatory cytokine IL-1§
and TGF-1p were evaluated with ELABSCIENCE enzyme-
linked immunosorbent assay kits commercially available.
The assay was conducted according to the manufacturer’s
protocol.

Quantitative Phytochemical Characterization
Determination of Tannins Content

Tannins were determined by the method described by Brain-
bridge et al. [57]. A volume of 0.25 mL of each extract was
added to each test tube coated with aluminium foil to avoid
light, followed by the addition of 0.75 mL of a freshly pre-
pared solution of 4% vanillin in ethanol (w/v). After agi-
tation, 0.25 mL of concentrated hydrochloric acid (HCI)
was added to each tube and then incubated at room tem-
perature for 15 min. The absorbance of the mixture was read
at 500 nm against a blank. The experiment was performed
in triplicate. The amount of tannins was calculated using a
standard calibration curve of tannic acid (0.1-1 mg/mL).
The results were expressed in milligrams of tannic acid
equivalent per gram of dry extract (mg TAE/g extract).

Determination of Total Flavonoid Content

The flavonoid content was determined following the
method described by Chang et al. [58] with some modifica-
tions using quercetin as the standard. 500 uL of each extract
(2 mg/ml) was mixed with 150 pL of 5% sodium nitrate
(NaNO,) and incubated for 5 min at room temperature. A
volume of 150 uL of 10% aluminium trichloride (AICl,),
followed 6 min later by the addition of 1 ml of 1 M sodium
hydroxide (NaOH) was then added to the mixture which
was later incubated for 15 min at room temperature, and the
absorbance was read with a spectrophotometer at 510 nm
against a blank. The total flavonoid content was calculated
using the calibration curve of Quercetin (0.1-1 mg/ml).
The total flavonoid content was expressed as mg quercetin
equivalent per gram of extracts (mg QE/g extract).

Determination of the Total Alkaloids

Quantification of the total alkaloids in the different extracts
was performed according to the method described by Singh
et al. [59] with slight modifications. 100 pL each extract
(2 mg/ml) was introduced into a test tube, followed by
the addition of 1 mL of acidified ferric chloride solution
(FeCl; 0.025 M; 0.5 M HCI) and 1 mL of an ethanolic solu-
tion of 1,10-phenanthroline (0.05 M). The mixture was
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homogenized and incubated for 30 min in a water bath at
100 °C. The absorbance of the reddish complex formed was
read at 510 nm against the blank. Quinine at a concentra-
tion of 10-100 ng/ml was used as standard, and the alkaloid
content was expressed as milligrams of quinine equivalent
per gram of dry extract (ug QuE/g extract).

Sub-chronic Toxicity

The oral subchronic toxicity test was carried out according
to OECD guidelines 407 [60]. A total of 30 animals aged
between 10 and 12 weeks were divided into three groups of
10 animals each and treated with distilled waters (group 1)
and the plant extract at treatment doses of 40 and 80 mg/kg
(group 2 and 3), for 28 days. Animals were kept in groups
of 2 or 3 animals of the same sex. Their daily masses, food,
and water consumption were recorded. On the 28th day of
treatment, animals were starved for 8 h. On the 29th day,
they received an i.p injection of diazepam (0.2 ml/ 100 g of
body weight) and ketamine (0.1 ml/ 100 g of body weight).
Following this sedation, some blood was collected in EDTA
tubes for a blood count. Some blood was also collected in
EDTA-free tubes and centrifuged at 3000 turns/minute for
15 min. The resulting serum was collected and stored in
Eppendorf tubes at -20 °C for biochemical analysis (total
and direct bilirubin, creatinine, ALAT, and ASAT). Urine
was also collected for the assessment of creatinine. After
blood collection, some vital organs were collected for mac-
roscopic observation, rinsed with 0.9% saline solution and
weighed to determine their relative masses. Part of the liver
and a kidney were stored in formaldehyde 10% for histo-
logical analysis.

Determination of ALAT Level

Serum level of ALAT was determined using a commercial
kit with prepared reagents (Dutch Diagnostics, Nether-
lands). The absorbance was read using a BIORAD spectro-
photometer SMART SPEC 3000 (USA) at 340 nm against
the blank, and results were expressed in U/L.

Determination of ASAT Level

Serum level of ASAT was determined using a commercial
kit with prepared reagents (Dutch Diagnostics, Nether-
lands). The absorbance was read using a BIORAD spectro-
photometer SMART SPEC 3000 (USA) at 340 nm against
the blank, and results were expressed in U/L.
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Determination of Direct and Total Bilirubin

Serum level of direct and total bilirubin was determined
using a commercial kit with prepared reagents (Dutch Diag-
nostics, Netherlands). The absorbance was read using a
BIORAD spectrophotometer SMART SPEC 3000 (USA)
at 530 nm against the blank, and results were expressed in
mg/dL.

Determination of Creatinine Level

The creatinine level in urine was determined using a com-
mercial kit with prepared reagents (Dutch Diagnostics,
Netherlands). The absorbance was read using a BIORAD
spectrophotometer SMART SPEC 3000 (USA) at 480 nm
against the blank, and results were expressed in mg/dL.

Histological Analysis

The histological analysis was performed according to the
procedure described by Suvarna et al. [61]. The proce-
dure consisted of the following steps: fixation, trimming,
dehydration, inclusion, cutting, staining, mounting and
observation.

Fixation This enabled the conservation of the cells in a state
nearest to the living cells. Organs were fixed in buffered
formaldehyde 4%.

Trimming Following the fixation, a fine cut of each organ
was collected and placed in labelled plastic cassettes.

Dehydration The plastic cassettes were initially placed in 6
tanks containing ethanol of increasing concentrations: tank
1,70° (1 h); tank 2, 90° (1 h and 1h30 minutes); tank 3, 100°
(1 h, 1h30 minutes and 2 h) (dehydration proper). Following
dehydration at 100°, the cassettes were kept in two baths of
xylene for 1 h and 1h30, respectively, then transferred into
a series of 3 tanks of molten paraffin for 1 h, 1h30 minutes,
and 2 h.

Inclusion This step provides solid external support to tis-
sues for fine cuttings. Organs were carefully placed in stain-
less steel molds; then, the molds were covered by the base
of cassettes and filled with molten paraffin. The setup was
allowed to harden on a cooling plate.

Cutting With a microtome Reichet Jung 2030, paraf-
fin blocs containing the organs were cut into 5 um. The
obtained ribbon sections were allowed to unfold in a water
bath (at 40 °C) containing frozen water (1%). They were

then collected on labelled slides. The slides were kept in an
oven at 45 °C for 24 h.

Staining Gives room to obtain staining differentiation of
cellular and tissue elements. Herein paraffin was removed
(3 baths of xylene, 5 min per bath), then the cuts were
rehydrated (3 baths of alcohol of decreasing concentration)
before coloration. The slide was then dipped in Mayer’s
hematoxylin (essential substances which give blue stain to
nuclear elements) for 10 min, then rinsed with water. They
were then dipped in ethanol 70° and 90° for 5 min each.
They were finally kept in alcoholic eosin 0.5% (an acidic
substance that gives a pink-red stain to the cytoplasm.

Mounting and Observation Following staining, the slides
were dipped in three baths of 100% alcohol and three baths
of xylene (5 min each). Few drops of resin were then placed
on the slide and then covered for microscopic observation.
The microscope (Scientico STM-50) used had a digital
camera (Pierron 15,601) connected to a H.P. computer core
i7 for photographic shots.

Statistical Analysis

The results obtained were analyzed using Graph Pad Prism
software version 5.03. They were presented as mean + Stan-
dard Error on Mean (SEM). Normal distribution of data was
assessed using the Shapiro-Wilk normality test. The one-
way ANOVA followed by Newman-keuls post hoc test was
used for multiple comparisons of groups in one-variable
tests, and two-way ANOVA followed by the Bonferonni test
compared the averages for two-variable tests. The tests were
significant when p <0.05.

Results

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on Seizure Progression and the Onset time
of Kindled State

Figure 1 depicts the effect of the aqueous lyophilisate of
Alchemilla kiwuensis against the process of epileptogenesis
marked by the seizure progression and the onset time of
kindled state.

Figure la represents the progression of the seizures to
reach the kindled state (repeated stage 4). Significant dif-
ference in the appearance of stage three between animals of
the negative control group and those of the vehicle group
was noted [F (1, 12)=64.00; p<0.0001]. There was a treat-
ment effect as all the treatments delayed the appearance
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Fig. 1 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on
seizure progression. (A) and the onset time of kindled state (B). Data
expressed as mean+ SEM; n=7; *p<0.05, ¥**p<0.01, ***p<0.001,
versus negative control; ###p<0.001, versus vehicle, ANOVA two

of stage three [F (3, 24)=11.94; p=0.012 p<0.00015].
The treatment with the aqueous lyophilisate of Alchemilla
kiwuensis at all doses delayed the appearance of stage three
[F (2, 18)=5.652; p=0.0125]. This delay was marked at
the dose 80 mg/kg [F (1, 12)=12.52; p=0.0041]. There
was a kindling effect as animals from the negative con-
trol reached the kindled state (repeated stage 4) [F (1,
12)=60.50; p<0.0001]. This state was delayed by treat-
ment with the aqueous lyophilisate of Alchemilla kiwuensis
[F (2, 18)=17.17; p<0.0001], with significant reductions
[F (1,12)=13,50; p=0.0032]; [(1, 12)=60.50; p < 0.0001]
observed at doses 40 mg/kg and 80 mg/kg respectively. The
group of animals treated with sodium valproate delayed the
kindled state to in a significant manner [F (1, 12)=5.654;
p=0.0349].

Figure 1b depicts the variation in the onset time of appear-
ance of a fully kindled state on the kindled day between
various treatment groups. There was a kindled effect as ani-
mals treated with distilled water showed an average onset
time of 11.88+2.33 min to reach the kindled state [F (2,
22)=69.95; p<0.0001]. This latency time was increased
after different treatments [F (4, 39) =69.95; p < 0.0001]. This
latency which was 11.88 +2.33 min on the negative control
was delayed to 29.19 +0.81 min at the dose of 40 mg/kg [F
(2, 20)=44.25; p<0.0001] and 30+ 0.00 min at the dose
80 mg/kg [F (2, 20)=60.23; p<0.0001]. Similarly a sig-
nificant increase was observed in animals treated with the
reference drug showing an average of 23.91+3.95 min [F
(2,20)=3.960; p=0.0.0376].
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ways followed by Bonferroni post hoc test (Fig. 1a), ANOVA one
way followed by Newman-keuls post hoc test (Fig. 1b); VEH =vehi-
cle; H,O=distilled water; PTZ=Pentylenetetrazole 35 mg/kg;
VAL =Sodium Valproate 300 mg/kg

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on Seizure Repetition and Seizure
Duration on the Kindled Day

The variation in the number of times animals repeated stage
four on the kindled day between various treatment groups
and the duration of seizures are illustrated in Fig. 2. Fig-
ure 2a shows that the vehicle group had a value of 0 rep-
etitions. The average number of repetitions displayed by
the animals treated with distilled water was significantly
increased to 80.00 +27.67 repetitions compared to the vehi-
cle [F (2, 20)=8.359; p=0.0027]. This average value was
significantly reduced with all treatment doses of the aque-
ous lyophilisate of Alchemilla kiwuensis [F (2, 20)=8.359;
p=0.0027], showing values of 2.00+1.29 repetitions and
0.00+0.00 repetitions at respective doses of 40 mg/kg and
80 mg/kg. Sodium valproate also reduced the seizure com-
pared to the negative control to 3.50 + 1.87 repetitions [F (2,
23)=7.912; p=0.0034].

Figure 2b depicts the average duration of seizures on
the kindled day between various treatments. Animals
from the negative control significantly increased the sei-
zure duration on the kindled day, which moved from 0 s
in the vehicle group to 22.30+4.30 s [F (2, 20)=26.91;
p<0.0001] in the negative control group. This average
seizure duration was significantly decreased with all the
treatment doses of the aqueous lyophilisate of Alchemilla
kiwuensis [F (2,20)=26.72; p<0.0001]. Sodium Valproate
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Fig. 2 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on
seizure repetition (A) and seizure duration (B) on the kindled day. Data
expressed as mean+SEM; n=7; **p<0.01; ***p<0.001, versus
negative control; ##p<0.01; ###p<0.001, versus vehicle, ANOVA

significantly decreased the seizure duration of kiwuensis [F
(2,20)=26.37; p<0.0001].

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on Some Parameters of the GABAergic
Signalling Pathway

Figure 3 shows the variation of GABA levels and the activ-
ity of the enzyme GABA-T between treatment groups fol-
lowing PTZ kindling. GABA level shows a tendency to
reduce in animals from the negative control compared to
the vehicle [F (2, 11)=4.118; p=0.0537], with an aver-
age of 0.00023+0.00006 pg/mg when compared to the
vehicle group (0.00043 +0.00005 pg/mg). The extract of A.
kiwuensis significantly increased the level of GABA con-
centration [F (3, 15)=18.06; p=0.0114]. This level moved
from 0.00023 +0.00006 pg/mg in the negative control
to 0.00051+0.00002 [F (2, 11)=28.048; p=0.0099] and
0.00083 £0.00019 pg/mg F (2, 11)=9.041; p=0.0070], at
the respective doses of 40 mg/kg and 80 mg/kg. Sodium val-
proate also showed a significant increase in the GABA level
in the tissue with an average value of 0.00066 +0.00004 pg/
mg [F (2, 11)=18.99; p=0.0006] (Fig. 3a).

Figure 3b shows the variation in the activity of the
enzyme GABA-T between various groups following the
PTZ induction procedure. The graph reveals that kin-
dling increased the activity of GABA-T as the animals of
the negative control group showed an average activity of
0.44+0.11 pM of decomposed GABA/min/mg of protein,
compared to the vehicle group, which displayed an average
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one-way followed by Newman-keuls post hoc test; VEH=vehi-
cle; H,O=distilled water; PTZ=Pentylenetetrazole 35 mg/kg;
VAL = Sodium Valproate 300 mg/kg

0f 0.19+0.07 uM of decomposed GABA/min/mg of pro-
tein [F (2, 11)=4.615; p=0.0417]. The activity of GABA-T
was significantly reduced at respective doses of 40 mg/kg [F
(2,11)=4.847; p=0.0375] and 80 mg/kg [F (2, 11)=10.02;
p=0.0051], with average activities of 0.17+0.03 and
0.02+0.05 uM of decomposed GABA/min/mg of protein
respectively. Animals treated with sodium valproate showed
an average of 0.12+0.04 uM of decomposed GABA/min/
mg of protein, corresponding to a significant reduction of
this activity[F (2, 11)=6.537; p=0.0176] (Fig. 3b).

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on Some Parameters of the Excitatory
Signaling Pathway

Figure 4 illustrates the changes observed in glutamate and
glutamate transporter levels following kindling induction.
Figure 4a shows that the level of glutamate was significantly
increased in the negative control group when compared to
the vehicle group, with respective averages of 17.93 +0.81
pmol/uL and 13.81+0.29 pmol/uL [F (2, 11)=20.23;
p=0.0005]. Neither the plant extract nor the reference drug
did correct this increase in a significant manner. Neverthe-
less, a decreasing tendency was observed with both treat-
ments [F (3, 15)=1.445; p=0.2786].

The variations in the expression of the transporter for
glutamate EAAT-2 concerning the different treatments are
shown in Fig. 4b. The figure reveals that the level of the
transporter was reduced in animals treated with distilled
water showing an average of 192.11 +19.94 pg/mL when
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Fig. 3 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on
GABA. (A) level and the activity of the enzyme GABA-T (B). Data
expressed as mean+ SEM; n=4; *p<0.05, **p<0.01; ***p<0.001,
versus negative control; #p <0.05, versus vehicle, ANOVA one way
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Fig. 4 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on
the level of glutamate (A) and the expression of glutamate transporter
EAAT-2 (B). Data expressed as mean+ SEM; n=4; *p<0.05, versus
negative control, ###p <0.001, versus vehicle; ANOVA one way fol-

compared with the vehicle group, which showed an average
0f227.05+14.43 pg/mL [F (2, 11)=1.500; p=0.2741]. The
decrease in the negative control was corrected by various
treatments, and a significant increase was observed at the
dose 80 mg/kg with an average expression of 243.23 +1.91
pg/mL [F (2, 11)=6.455; p=0.0142].
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Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on some Parameters of Oxidative Stress

The effect of Alchemilla kiiwuensis extract on lipid per-
oxidation, reduced glutathione, and catalase activities are
shown in Fig. 5.
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Fig. 5 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on
lipid peroxidation (A), level of reduced glutathione (B), and cata-
lase activity (C). Data expressed as mean+SEM; n=4; **p<0.01;
**%p <0.001, versus negative control; ##p <0.01; ###p<0.001, ver-

Figure 5a depicts that the kindling procedure has
increased lipid peroxidation as shown by an increase,
although not significant, in the amount of MDA in the
group of animals which received distilled water as treat-
ment (5676.73 +£1435.15 nmol/mg) when compared with
the wvehicle group (3164.16+750.70 nmol/mg) [F (2,
11)=1.981; p=0.1937]. The aqueous lyophilisate of Alche-
milla kitwuensis at 80 mg/kg dose significantly decreased
lipid peroxidation, which moved from 5676.73 +£1435.15
nmol/mg in the negative control to 1250.75 +617.93 nmol/
mg [F (2, 11)=6.938; p=0.0150].

The variation in the strength of the antioxidant mecha-
nism, as revealed by the level of reduced glutathione, is
shown in Fig. 5b. The group of animals from negative con-
trol significantly diminished the level of reduced glutathione
(38477.67 £7664.17 nmol/mg) compared with the vehicle

PTZ (35 mg/kg; i.p)

sus vehicle, ANOVA one way followed by Newman-keuls post hoc
test; VEH =vehicle; H,O =distilled water; PTZ = Pentylenetetrazole
35 mg/kg; VAL =Sodium Valproate 300 mg/kg

group (92846.23 +10537.33 nmol/mg) [F (2, 11)=10.53;
p=0.0044]. The treatment with the lyophilisate of Alche-
milla kiwuensis has significantly increased the level of
reduced glutathione at the respective doses of 40 and 80 mg/
kg, with the respective averages of 80677.84+2671.35
[F (2, 11)=24.39 p=0.0002] and 105,771. + 10252.89
nmol/mg [F (2, 11)=20.34; p=0.0005]. Valproate equally
significantly increased the level of reduced glutathione
with an average of 102753.51+£11168.16 nmol/mg [F (2,
11)=17.06; p=0.0009].

Figure 5c depicts the variation in catalase activity
between various groups. Animals from the negative con-
trol which received distilled water exhibited a significant
reduction in the activity of this enzyme, from an average
value of 0.0015+0.0002 pM/min/mg in the vehicle group
to a value 0f 0.0002 +0.0003 pM/min/mg[F (2, 11)=9.053;
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Fig.6 Effect ofthe aqueous lyophilisate of Alchemilla kiwuensis on the
levels of TGF-1B (A) and IL-1B (B). Data expressed as mean + SEM,;
n=4; *p<0.05, versus negative control, ANOVA one way followed

p=0.0070]. The experimental treatment, together with the
reference drug, significantly increased the activity of this
enzyme [F (3, 15)=12.91; p=0.0005] as they exhibit an
average activities of 0.0014+0.0003 [F (2, 11)=5.642;
p=0.0258], 0.0024 +0.0003 pM/min/mg [F (2, 11)=20.02;
p=0.0005] for plant extract at the respective doses of 40
and 80 mg/kg, and 0.0021+0.0002 puM/min/mg[F (2,
11)=16.90; p=0.0009] for sodium valproate.

Effect of the Aqueous Lyophilisate of
Alchemilla Kiwuensis on some Parameters of
Neuroinflammation

The variations in the effects of the experimental treat-
ments on TGF-1p (Fig. 6a) and IL-1B (Fig. 6b) are shown
below. Figure 6a shows no noticeable change in the levels
of TGF-1pB between the vehicle and the negative control
group. However, sodium valproate and A. kiwuensis at the
dose of 80 mg/kg have shown a noticeable increase in tissue
levels of this anti-inflammatory cytokine; this increase was
significant [F (2, 11)=6.207; p=0.0202] with the lyophilis-
ate showing an average value of 1012.42+136.67 pg/mL
when compared to the negative control which displayed an
average value of 433.51+128.99 pg/mL.

As far as the level of IL-1P is concerned, though not
significant, kindled animals displayed an increase in tissue
levels of IL-1B (1059.72 +84.28 pg/mL) compared to the
vehicle (998.95 +12.95 pg/mL). 4. kiwuensis at the dose of
80 mg/kg showed a significant decrease in tissue levels of
this pro-inflammatory cytokine, with an average value of
916.61 +16.75 pg/ml when compared to the negative control,
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PTZ =Pentylenetetrazole 35 mg/kg; VAL =Sodium Valproate 300 mg/
kg

Table 1 Qualitative phytochemical characterization of the aqueous
lyophilisate of Alchemilla kiwuensis

Metabolite Quantity
Flavonoids (pg equivalent quercentine/mg of 286.2+2.646
extract)

Alkaloids (ug equivalent quinine/mg of extract)  106.755+0.132

Tannins (pug equivalent tannic acid/mg of extract)  83.875+0.722

Data expressed as mean+ SEM

which displayed an average value of 1064.77 +84.28 Pg/ml
[F (2, 11)=4.719; p=0.0397] (Fig. 6b).

Quantitative Phytochemical Characterization of the
Aqueous Lyophilisate of Alchemilla Kiwuensis

Based on our previous qualitative findings, quantification
of flavonoids, alkaloids, and tannins was realized, and the
values are shown in Table 1 below.

Sub-chronic Toxicity Study

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on Body Weight

The variation in the body weight of the animals following 28
days of oral gavages is shown in Fig. 7 (A and B) below. No
significant change was observed between treatment groups.
However, there was a general increase in body weight in
males (Fig. 7a) and females (Fig. 7b) in all the groups.
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Fig. 7 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on body weight in males (A) and females (B). Data expressed as mean + SEM;
n=35, ANOVA two ways followed by Bonferroni post hoc test; VEH = Vehicle

Table 2 Effect of the aqueous lyophilisate of Alchemilla kiwuensis
food and water consumption in males and females

Weeks Treatment groups Food consumed ~ Water con-
(mg) sumed (ml)
MALES
WEEK 0  Vehicle 41.90+3.56 36.70+£7.60
AK 40 mg/kg 34.60+0.60 39.60+5.76
AK 80 mg/kg 39.70+7.82 32.20+8.02
WEEK 1  Vehicle 44.60+4.90 21.50+3.09
AK 40 mg/kg 36.80+5.91 30.40+4.31
AK 80 mg/kg 40.90+2.84 27.00+5.46
WEEK 2 Vehicle 33.44+4.33 21.10+4.06
AK 40 mg/kg 21.40+£3.26 23.00+4.25
AK 80 mg/kg 30.20+1.59 24.90+5.96
WEEK 3 Vehicle 28.60+3.57 15.90+2.74
AK 40 mg/kg 23.20+2.59 26.40+5.67
AK 80 mg/kg 33.30+1.77 16.20+3.65
WEEK 4  Vehicle 37.20+4.37 18.00+4.37
AK 40 mg/kg 24.00£4.50 22.20+3.94
AK 80 mg/kg 20.70+£2.51* 23.40+4.98
FEMALES
WEEK 0  Vehicle 47.60+4.47 35.20+6.04
AK 40 mg/kg 35.80+£3.47 38.00+10.86
AK 80 mg/kg 60.00+5.75%* 40.80+2.74
WEEK 1  Vehicle 40.00+4.81 31.40+£3.91
AK 40 mg/kg 23.80+3.55% 17.00+1.86*
AK 80 mg/kg 38.60+4.07 27.20+2.17
WEEK 2 Vehicle 30.80+4.04 33.40+4.33
AK 40 mg/kg 22.80+4.85 22.00+1.22
AK 80 mg/kg 38.40+2.24 21.80+3.87
WEEK 3 Vehicle 35.00+2.74 23.20+2.97
AK 40 mg/kg 25.00+3.17 21.20+3.84
AK 80 mg/kg 28.80+2.94 28.80+0796
WEEK 4  Vehicle 37.40+1.88 21.00+2.54
AK 40 mg/kg 27.20£3.59 17.90+1.88
AK 80 mg/kg 25.70+£2.57 17.30+0.30

Data expressed as mean+SEM; n=5; *p<0.05, **p <0.01, versus
vehicle, ANOVA two ways followed by Bonferroni post hoc test;
VEH = Vehicle

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on Food and Water Consumption

Table 2 below depicts the variation in the amount of food
and the quantity of water consumed by the animals dur-
ing the test period. There was a significant treatment
effect on the food consumed in males [F (2, 48)=7.604,;
p=0.0074]. A significant decrease was observed with the
animals receiving the plant extracts at the dose 80 mg/kg
in the fourth week of treatment, showing an average con-
sumption of 39.70 +7.82 mg when compared to the vehicle
group, which had an average of 41.90 +3.56 mg of food [F
(2, 14)=3.696; p=0.0358]. Similarly, a general decreasing
tendency in the amount of water consumed by males was
observed. However, no significant change between treated
groups was observed [F (8, 48)=0.3824; p=0.6902].
Similarly, the amount of food consumed by females was
significantly reduced [F (8, 48)=28.056; p=0.0061] and
water not [F (8, 48)=1.430; p=0.2772] throughout the
weeks. At the beginning of the test, significant variations
in the amount of food consumed by these females were
observed at the doses 80 mg/kg with average consump-
tion values of 65.00+5.75 mg, when compared with the
vehicle group having an average of 47.60+4.47 mg[F (2,
14)=10.67; p=0.0022]. Moreover, at the end of the first
week of treatment, the animals treated with the plant extract
at the dose 40 mg/kg exhibited a significant reduction in
the amount of food consumed, as they had an average of
23.8+3.55 mg compared to the vehicle with an average
of 40.00 +4.81 mg [F (2, 14)=25.422; p=0.0210]. There
was a significant reduction in water consumption among the
females treated with the lyophilisate at the dose 40 mg/kg at
the end of the first week of treatment, showing an average
of 17.00 & 1.86 ml of water consumed, compared to an aver-
age 0f 31.40+3.91 ml consumed by the vehicle group [F (2,
14)=7.023; p=0.0096].

@ Springer



3240

Neurochemical Research (2023) 48:3228-3248

Table 3 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on
the relative mass of some organs

Organs Treatment groups  Relative mass of organs (mg)
Males Females
BRAIN Vehicle 0.95+0.06 0.90+0.05
AK 40 mg/kg 0.97+0.03 0.98+0.02
AK 80 mg/kg 0.89+0.04 0.94+0.04
LUNGS Vehicle 0.76 £0.05 0.89+0.08
AK 40 mg/kg 0.96+0.19 1.32+0.20
AK 80 mg/kg 0.81+0.11 1.02+0.18
LIVER Vehicle 3.19+0.11 3.50+0.12
AK 40 mg/kg 3.69+0.44 3.65+0.25
AK 80 mg/kg 3.06+0.09 3.61+0.20
HEART Vehicle 0.41+0.03 0.39+0.01
AK 40 mg/kg 0.40+0.03 0.44+0.02
AK 80 mg/kg 0.41+0.03 0.38+0.02
KINDEY Vehicle 0.64+0.03 0.61+0.01
AK 40 mg/kg 0.64+0.03 0.66+0.02
AK 80 mg/kg 0.63+0.01 0.62+0.03
SPLEEN Vehicle 0.31+0.03 0.49+0.08
AK 40 mg/kg 0.29+0.01 0.39+0.06
AK 80 mg/kg 0.34+0.03 0.50+0.10

Data expressed as mean + SEM; n=5, ANOVA one way followed by
Newman-keuls post hoc test; VEH = Vehicle

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on the Relative Masses of Organs

Table 3 below shows the differences in the relative masses
of some vital body organs following 28 days of treatments.
Overall no significant difference was observed neither
between the males nor the females.

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on some Biochemical Parameters

Effect of the Aqueous Lyophilisate of Alchemilla Kiwuensis
on ALAT, ASAT, and Creatinine Levels

The differences in the ALAT, ASAT, and creatinine levels
are shown in Fig. 8 (A to F) below. Although certain varia-
tions appear for some parameters, overall, there was no sig-
nificant change in the average value of each parameter when
compared to the corresponding vehicle.

Effect of the Aqueous Lyophilisate of Alchemilla Kiwuensis
on Total and Direct Bilirubin

Figure 9 (A to D) expresses the differences in the average
levels of direct and total bilirubin in males (A and B) and
females (C and D). No significant difference was observed
in both parameters, both males and females.
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Fig. 8 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on ALAT (A,D), ASAT (B,E), and creatinine (C,F) levels. Data expressed as
mean+ SEM; n=5, ANOVA one way followed by Newman-keuls post hoc test; VEH = Vehicle
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Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on some Hematological Parameters

Table 4 below illustrates the differences in hematological
parameters following 28 days of treatment in males and
females. From the table, the group of animals treated with the
plant extract at the dose 40 mg/kg had a significant increased
the number of granulocytes [F (2, 14)=14.60; p=0.0006]
and white blood cells [F (2, 14)=7.944; p=0.0063] respec-
tively when compared to the vehicle group, with average
values of 7.24+0.92 and 0.70+0.09 x 10°/L respectively,
when compared to the vehicle with average values of
5.01+0.27 and 0.33+0.07x10°/L respectively. No sig-
nificant change was observed for the other parameters, both
males and females.

Effect of the Aqueous Lyophilisate of Alchemilla
Kiwuensis on Renal and Hepatic Tissue

In the course of evaluating the safety of the plant extract,
its effects on the tissue morphology of some vital organs

like the kidney and the liver were assessed (Fig. 10). Histo-
logical analysis following the hematoxylin stain revealed no
toxicity for the liver or kidneys.

Discussion

The present study was undertaken to evaluate the antiepi-
leptic and the antiepileptogenic properties of the aqueous
lyophilisate of Alchemilla kiwuensis and the involvement of
some essential and relevant signalling pathways such as the
GABAergic, glutamatergic, inflammatory and antioxidative
signalling pathways, following PTZ-induced kindling. Kin-
dling is a process by which repeatedly induced seizures lead
to an increased duration of seizures and enhanced behav-
ioural consequences of those induced seizures until a plateau
is attained [21, 25]. PTZ-induced kindling is an experi-
mental model which has been widely used for decades to
screen potential antiepileptic drugs [62]. As such, repetitive
administration of a sub-convulsive dose of PTZ replicates
the appearance and the progressive increase of convulsions,
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Table 4 Effect of the aqueous lyophilisate of Alchemilla kiwuensis on
some hematological parameters

Parameters Vehicle A. K40 A. K80
Males

WBC (10°/L) 5.01+0.27 7.24+0.92%%  4.02+0.32
RBC (10°/L) 8.72+0.42 7.83+0.28 6.02+1.11
PIt (10°/L) 746.40+73.57 599.80+58.88 532.20+67.62
APV (f/L) 6.38+0.11 6.34+0.16 6.82+0.22
HGB (g/dL) 15.38+0.94 14.10+0.56 12.68 +90
AHCC (g/L) 29.29+0.57 30.06+0.22 35.66+4.30
Lym (10° /L) 3.98+0.37 4.56+0.62 3.48+0.34
Gra (10°/L) 0.33+0.07 0.70+0.09%*%*  0.18+0.04
Ht (%) 52.30+2.27 46.62+1.89 39.30+6.90
Females

WBC (10°/L) 8.95+2.73 8.54+2.65 6.14+1.55
RBC (10°/L) 7.39+0.54 7.46+0.47 6.95+0.26
Plt (10°/L) 547.80+£34.19 680.80+50.75 606.00+46.29
AVP (f/L) 6.84+12 6.32+0.04 6.58+0.12
HGB (g/dL) 14.50+0.23 14.22+0.79 13.40+0.48
AHCC (g/L) 29.32+3.29 30.80+1.13 29.08+0.78
Lym (10%/L) 5.80+2.30 5.18+1.25 2.35+0.46
Gra (10°/L) 0.95+0.38 1.72+0.85 0.50+0.19
Ht (%) 46.66 +3.08 47.06£2.97 46.06 +1.88

Data expressed as mean+SEM; n=35; **p<0.01; ***p<0.001, ver-
sus vehicle, ANOVA one way followed by Newman-keuls post hoc
test. WBC: White blood cells; RBC: Red blood cells; Plt: Platelets;
APV: average platelet volume; HGB: haemoglobin; AHCC: Average
haemoglobin corpuscular concentration; Lym: Lymphocyte; Gra:
Granulocytes; Ht: haematocrit

which culminates in generalised seizures [63]. This pro-
gressive nature of seizure was evidenced in this study by
the behaviour of the negative control group whose stages
gradually increased from O to the kindled stage (successive
repetition of stage 4), which appeared around the fifth day of
treatment on average. The lyophilisate of Alchemillia kiw-
ensis (A. kiwuensis) was able to delay the process of epi-
leptogenesis, as evidenced by the significant delay in the
occurrence of stages 3 and 4 by the two treatment doses.
This same effect was also observed with the reference drug
sodium valproate. Indeed, the behavioural progression in
the kindling process suggests that it starts with a limited
number of neuronal circuits and subsequently recruits addi-
tional circuits as the behavioural component of the seizure
evolves to convulsion [21], an effect which accounts for
the progressive nature of epilepsy. Present day antiepileptic
drugs fail to fully control the pathology because they fail
to inhibit the progression of the pathology and focus on
the symptomatic expression of the seizures only [5]. The
ability to influence the progression of the pathology will be
a step forward in the quest for better treatments. In addi-
tion to the influence on the progression of the pathology,
control of the severity of seizures has been stated to be a
determining factor in the potency of antiepileptic drug [22,
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25]. To evaluate this effect, the latency of the appearance
of seizures, repetition of seizures and duration of seizures
were recorded on the kindled day. Just like sodium valpro-
ate, the lyophilisate of 4. kiwuensis successfully increased
seizures onset time and decreased the duration and repeti-
tion of seizures. The increase in seizure duration suggests
that the existing resistance of the circuits to seizure activity
is gradually weakened [21, 63]. As such, by reducing sei-
zure duration, the extracts of 4. kiwuensis and sodium val-
proate could strengthen the circuits’ resistance to seizures,
thus reducing seizure susceptibility. This pharmacological
property is a necessary aspect to inhibit the progression of
epilepsy. Pharmacological substances capable of delaying
and/or inhibiting epileptogenesis (seizure progression) are
equally good as antiepileptic substances [25]. This shows
that A. kiwuensis is both an antiepileptogenic and an anti-
epileptic agent.

Alterations caused by progressive excitability and a
marked imbalance in the brain’s excitatory-inhibitory neu-
rotransmissions characterise kindling [27]. PTZ is a blocker
of the GABA , receptor C1™ channel [64], thus it produces
seizures by inhibiting the GABA pathway in the CNS [65].
The action of GABA on the GABA, receptor prevents
seizure initiation and propagation. This implies that drugs
or treatments that activate the GABA , receptor or elevate
synaptic GABA levels by blocking its breakdown or reup-
take show anticonvulsants and antiepileptic properties [32,
66]. Evaluation of tissue levels of GABA demonstrated a
reduced GABA content in kindled animals, an observation
which confirms the implication of GABA in controlling sei-
zure initiation and it subsequent propagation. This condi-
tion was prevented with the administration of 4. kiwensis at
doses 40 and 80 mg/kg as well as with the reference drug,
all of which significantly increased the tissue GABA con-
tent. The activity of GABA-T, an enzyme responsible for
the synaptic breakdown of GABA [14, 67, 68], was also
evaluated. This activity was elevated in kindled animals
compared to the vehicle. This disturbance was corrected
with the aqueous lyophilisate of A. kiwuensis and sodium
valproate which significantly reduced the activity of this
enzyme. These results on GABA and GABA-T suggest that
the antiepileptogenic and hence the antiepileptic effect of A.
kiwuensis and valproate previously observed are due to their
interaction with the GABAergic-neurotransmission. These
results are in accordance with our previous study, which
demonstrated the anticonvulsant effects of the plant follow-
ing PTZ- and picrotoxin-induced seizure, which are both
antagonists of the GABA , receptor [23], showing the affin-
ity the plant extract has with the GABA signalling pathway.

Altered GABA-glutamate neurotransmissions are com-
monly observed in brain tissues of kindle animals [69].
Given that GABA maintains the inhibitory tone that
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Fig. 10 Photomicrographs of
males’ and females’ liver and
kidneys following sub-chronic
toxicity study. A: Vehicle; B:A4.
kiwuensis, 40 mg/kg; C:4.
kiwuensis, 80 mg/kg; Liver,
V.P.: hepatic portal vein; He:
hepatocytes; Cs: sinusoid capil-
lary; Cb: Bile canal; kidney, Gl:
glomerulus; Eu: Urinary space;
Ted: distal convoluted tubule;
Tep: proximal convoluted tubule;
hematoxylin stain

counterbalances neuronal excitation [12], a reduction in
GABA levels is generally accompanied by a simultane-
ous increase in excitatory signalisation, evidenced by the
high release of glutamate in postsynaptic terminals [28].
For this reason, glutamate levels and the levels of its major
transporter (EAAT-2) were evaluated. Results revealed that
glutamate levels were significantly increased in the hippo-
campus of kindled animals compared to the vehicle. How-
ever, a decreasing tendency in glutamate was observed in
the hippocampus of animals treated with either the plant
extract or sodium valproate. Similarly, the glutamate
transporter was reduced in kindled animals, and only the
aqueous lyophilisate of A. kiwuensis at the single dose of
80 mg/kg was able to cause a significant increase of this
transporter, thus facilitating the synaptic clearance of the

excitatory neurotransmitter. Glutamate is highly implicated
in nearly all aspects of normal brain function, including
learning, memory, movements, cognition, and develop-
ment [6]. Therefore, uncontrolled, or careless modulation
of this transmission may be accompanied by a host of con-
sequences. As such, modulation of this signalling pathway
should be handled carefully [70]. These reasons explain the
plant extract’s light and smooth effects on this signalization
pathway. However, the lyophilisate has shown its ability to
increase the expression of glutamate’s major transporter.
An increase of glutamate clearance from the extracellular
space would probably normalize the default observed in the
kindled animals compared to the vehicle, hence accounting
for the modulated behavioural outcome.
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PTZ-induced kindling and the subsequent excitotoxicity
are most often the cause of an overproduction of free radi-
cals enough to set an imbalance between the pro-oxidant
and the antioxidant systems of the brain [71], thus gener-
ating a condition which can be characterised as oxidative
stress. The resulting free radicals attack unsaturated sites of
lipids and other biological molecules in the cells [28, 72],
these contributes to seizure propagation and hence the gen-
esis of spontaneous seizures [73, 74]. These assertions were
confirmed in the present study as kindled animals depicted
marked lipid peroxidation evidenced by an increase in the
tissue levels of MDA. Coupled to the increase in lipid per-
oxidation, a reduction in the antioxidant potentials was
observed in the hippocampi of these animals, as evidenced
by a decrease in GSH levels and catalase activity. The
lyophilisate of 4. kiwuensis and sodium valproate inhibited
all these kindling phenomena. Only the lyophilisate at the
single dose of 80 mg/kg produced a significant reduction of
the level of MDA, marking its strong influence on lipid per-
oxidation compared to other treatments in this study. How-
ever, the increase in the levels and activities of antioxidants
was significant in all treatments. The harmful effects of ROS
in the brain appear when they are in excessive concentra-
tions, and therefore when the ability of the neuronal antioxi-
dant mechanisms to counterbalance the damaging reaction
is dampened. Given the high oxygen-consuming nature of
the brain, it is subjected to particular damages in such situ-
ations. Its hippocampus is one of the most vulnerable struc-
tures to oxidative stress and to epilepsy in general [55, 72,
73]. Therefore, treatments with antioxidant properties could
be endowed with antiepileptic potentials. In line with these
findings, recent and similar studies have shown that the
antioxidative potentials of some plant treatments contribute
to their protective effects against epilepsy [28, 64, 74]. The
latent phase of epileptogenesis offers a unique opportunity
for therapeutic trials [75]. Given the conspicuous involve-
ment of oxidative stress in this stage of the pathology, it
will be of high therapeutic value to exert a homeostatic cor-
rection of the imbalance between the pro and antioxidant
species at this stage of the disease. These suggest that the
observed antiepileptic and antiepileptogenic properties of A.
kiwuensis are at least partly due to its antioxidant properties.

Together with oxidative stress, inflammation is one of the
hallmarks of the latent phase of epileptogenesis [75]. It has
been shown above that kindling-induced oxidative stress
increases circulating free radicals. At high quantities, these
free radicals may be considered and recognized as damage-
associated molecular patterns by the brain’s immune sys-
tem and thus activate immune responses mainly through
the activation of NADPH oxidase [76, 77]. This activation
leads to the production of pro-inflammatory cytokines such
as IL-1pB and the reduction of anti-inflammatory cytokines
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such as TGF-1p [78, 79, 80]. Indeed, kindled animals in
the present study expressed increased levels of IL-13, com-
pared to unkindled and naive animals. The lyophilisate of 4.
kiwuensis and sodium valproate inhibit the increase in IL-1§
levels, and boost the production of TGF-1p. TGF-1p is an
anti-inflammatory cytokine known to protect neurons from
injury and down-regulate the reactivity of glial cells [81].
These suggest the modulatory properties of the treatments
on neuroinflammation as a contributing factor to their anti-
epileptogenic and antiepileptic properties. Indeed, we can
recall that 4. kiwuensis at all doses showed its effect on the
GABAergic and oxidative stress. However, the dose 80 mg/
kg which did not reach the kindled state decreased gluta-
mate as well as the IL1f and increased glutamate transporter
and the TGF-1f suggesting that its antiepileptic activities
could be done through the modulation of the glutamatergic
pathway and neuroinflammation.

Quantitative phytochemical analysis revealed that fla-
vonoids represented the most significant proportion of bio-
active molecules in Alchemilla kiwuensis. Flavonoids are
compounds of the polyphenol subclass whose relatively
side effect-free therapeutic potential as antiepileptic treat-
ment has been demonstrated [82]. This bioactive compound
has been shown to act both on the GABA , receptor subtype
[83] and on the ionotropic GABA receptor subtype [84] to
produce their antiepileptic effects. In addition, quercetin,
one of the most widely occurring flavonoids, has been
shown to modulate the GABAergic [85, 86], inflammatory
[87, 88], and antioxidant [89] pathways. Taken together, the
flavonoid content of the lyophilisate of Alchemilla kiwuen-
sis would have been responsible for its therapeutic effects in
the present study.

A subchronic toxicity test was conducted to evaluate
the safety of the lyophilisate and in continuum with pre-
vious studies. Overall, the extract of A. kiwuensis did not
show signs of toxic effects following this investigation.
However, a significant reduction in the food consumed was
observed in males at the end of the 28 days of treatments.
This reduction may not be considered a toxic effect, because
this reduction in food consumption was not accompanied
by a decrease in body weight which was increased overall;
instead of food consumption, body weight is a sign of ani-
mal health status [90, 91]. Analysis of some biochemical
parameters such as ALAT, ASAT, creatinine, total and direct
bilirubin revealed no significant changes with the lyophi-
lisate, indicating no sign of toxicity in some vital organs
such as the liver and kidney. These organs are implicated in
the metabolism of xenobiotic, detoxification, and fluid puri-
fication respectively [92, 93]. These results are backed by
histological analysis which showed regular tissue organisa-
tion. A significant elevation in granulocyte levels and WBC
was noticed in males at the dose of 40 mg/kg. Granulocytes
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constitute the first line of defence against infection and are
predominantly activated during parasitic, viral, and bacterial
infections [94], and are most often associated to acute phase
infections [95]. All these suggest that the increase in granu-
locyte count may not be associated to the chronic treatment
with the plant extract but rather with a possible acute infec-
tion restricted to animals of this group. Granulocytes and
neutrophils represent the most significant proportion of all
WBC (60-70%) [96], therefore an elevation in granulocyte
blood count will undoubtedly lead to a similar elevation
in WBC count, justifying the increase of WBC observed
herein. Moreover, the absence of significant increase in the
spleen’s relative mass suggests an acute increase in blood
count. The observed effects following toxicity study can be
categorised as “no observed adverse effect” (NOAEL) [97].

Conclusion

The results obtained from this study reveal that the aque-
ous lyophilisate of Alchemilla kiwuensis is endowed with
antiepileptogenic and antiepileptic properties and is rela-
tively safe and non- toxic. The antiepileptic and antiepilep-
togenic results are obtained due to their ability to restore the
homeostatic imbalance between inhibitory and excitatory
signalization. This justifies its local use in the treatment of

epilepsy.
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