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SUMMARY: Herbal extracts used for treatment of diabetes has focused mostly on the hypoglycaemic and anti-oxidant
property.There are no studies which focused on its effect on dendritic architecture of pyramidal neurons of hippocamjinys caused
diabetes. This study was taken up to explore the effect of administratioigofiella foenum-graecurtienugreek) seed extract on
diabetes induced dendritic atrophy in hippocampus. Experimental diabetes was induced in rats by administering single dose of
Streptozotocin (60 mg/kg)intraperitoneally. Treatment groups of rats were orally administeredfenugreek seed extract ofl{t g/kg bo
weight for 6 weeks. Followingly they were sacrificed and the brains were removed, processed for the Golgi-Cox stain method.The
number of dendritic branching points and intersections were counted in successive radial segmembsugf #0a radial distance of
100 micron from soma and analysed by the Sholl’s method. The rats with diabetes showed a significant decrease in tlengtndritic
and branching points in most of the apical and basal dendrites of CA1 and CA3 pyramidal neurons.Treatment with fenugreek seed
extract were able to significantly alleviate the dendritic atrophy in most of the segments except in the apical branshifi¢gheoGh1
neuron. The present study demonstrates that fenugreek seed extract having a proven hypoglycaemic and anti-diabetioproperty als
possess protection to the hippocampal pyramidal neurons form diabetes associated neuronal atrophy.
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INTRODUCTION

It is a well-established fact in both humans and i(Christmaret al, 2010) and grey matter atrophy. And hence
animal models that one of the complications of diabetesis metabolic disorder is considered as a potential risk fac-
mellitus is neuropathy which involves both peripheral antbr for dementia (Nitteet al., 2002) depression, and
central nerve tissues. Central nervous tissue involvementdfzheimer's disease (Andersat al, 2001; Gasparinét
diabetic complications may manifest as impairment cl., 2002).
learning, cognition and memory (Parit@ral, 2004).This
phenomenon is due to the diabetes induced pathological In particular, using animal models for diabetes, there
changes in the central nervous system which is recentsve been reports that there is impairment in learning and in
termed as diabetes associated cognitive decline (DACParticular, hippocampal dependent learning memory tasks
(Biessels & Gispen, 2005). The reasons for DACD is due {Biessels & Gispen). Dendritic atrophy was shown in terms
impaired neuronal plasticity, altered neurotransmissionf reduction in total dendritic lengths, total branching points
dendritic atrophy, altered neurotrophic factors and reducedd reduction in spine densities. These changes at the cellular
neurogenesis which has been shown using experimen&lels and along with alterations in neurotransmitter levels
diabetic animal models (Magarifios & McEwen, 2000)in the hippocampal regions could be one of the reasons of
Whereas in the case of human subjects, it has been shaligbetes induced cognitive impairment (Kawizl., 2000).
that changes include smaller volume of grey matter (Jongapart from dendritic atrophy in the hippocampus, decreased
et al, 2007), lower brain-to-intracranial volume ratiosneurogenesis is also shown to be decreased in animal models
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of diabetes (Zhanet al., 2008). It is an established fact that Animals were randomly assigned to three groups(n=6
decreased neurogenesis is associated with impairiceach group), namely, Normal control group (NC), Diabetic
hippocampal dependent learning and memory(Eriksson &ntrol group(DC) which received a single dose of
Wallin, 2004). Streptozotocin 60 mg/kg (Sisco Research Laboratories Pvt.
Ltd., Mumbai) intraperitoneally (Bhatnagatral,, 2005) and
Most of the routine anti-diabetic drugs is shown t®iabetic rats which received fenugreek seed extract 1g/Kg
exhibit adverse side effects on cardiovascular system amaldy weight for 6 weeks orally (DC+Tfg). Fenugreek seed
has minimal effect on addressing the cognitive declinextract was prepared using standardized protocol described
associate with diabetes. Considering this, there is a necessiylier (Basclet al, 2003; Vijayakumaet al, 2005). Blood
to look for alternative therapeutic strategies to combat tlgducose levels and body weight were measured before
cognitive complications associated with diabetes witbommencement of study and at the end of study using a
minimal or no side effects. Among alternative strategies, gducometer (Ascensia,USA) and animal weighing scale.
the use of medicinal plants which have a therapeutic
potential. Among the 21,000 medicinal plans listed by Worl@&olgi Cox staining procedure Quantification of dendritic
Health Organization, 800 plants are reported to have arftranching points and intersections of CA3 and CA1l
diabetic propsies (Patilet al, 2011). Most of the studies pyramidal neurons of the hippocampus was done by Golgi-
which explored the antidiabetic properties of these medicin@box staining procedure. After 6 weeks of experiment, all
plants have not explored the cognitive aspect and there aats were deeply anesthetized using pentobarbital sodium,
few reports suggesting the effect of herbal medicine treatmemd were decapitated quickly. Subsequently, brains were
on the dendritic morphology in diabetic animal models.  quickly removed and staining done using Golgi-cox solution.
After staining, coronal sections were taken at a thickness of
Based on the review of herbal medicinal plant hav&20 microns’ using a base sledge microtome and sections
antidiabetic properties, we select@édgonella foenum- were collected serially, dehydrated in absolute alcohol,
graecum(Fenugreek) for the present study (Medagata, cleared in xylene and cover-slipped. Slides were coded prior
2014). Fenugreek is a plant belonging to the familyo quantitative analysis and the code was broken only after
leguminosae and it is often used as a spice as well as a méueanalysis was completed. The Golgi-impregnated neurons
cine around the world. Seeds and leaves are the most frequeatipsen for analysis had to satisfy the following criteria: (a)
used parts of the plant and have shown to have mapsesence of untruncated dendrites; (b) consistent and dark
pharmacological properties such as antidiabetic, antimpregnation along the entire extent of all dendrites and (c)
nociceptive, anti-carcinogenic, antioxidant, anti-inflammatoryelative isolation from neighboring impregnated neurons to
and hypo-cholesterolemic effect (Gogdlal, 2016). avoid interference with analysis. Representative image of
CA3 neurons after Golgi staining is shown in Figure 1.Ten
Blood glucose lowering property of fenugreek is welCA1 and G\3 pyramidal neurons of dorsal hippocampus were
established, but whether it has a role in ameliorating dendritonsidered for morphological quantification and their camera
atrophy associated with diabetes remains elusive. Hence thisda tracings (625X) were obtained. The number of dendritic
study was undertaken to explore the effect of fenugreek sdwenching points and intersections was counted in successive
extract on the dendritic architecture in the hippocampaddial segments of 20m by Sholl's method using center of
pyramidal neurons in streptozotocin induced diabetic rats.

MATERIAL AND METHOD

Adult male Wistar rats (200-220 g) were procuregs
from National Centre for Laboratory Animal Science$
(NCLAS), National Institute of Nutrition (ICMR), ./
Hyderabad. All experiments were conducted as per th

obtaining the institutional animal ethics committee (IAECﬁ;‘v\} ;
;

approval (10/IAEC/MMC/Ph.D./2013-14) from Mamata', . A o s
medical collge, Khammam(Telangana state, India). Fig. 1. Representative image of CA3 neurons after Golgi staining.
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the soma as reference points shown in Figure 2. Both branchRESULTS

points and intersections were counted up to a radial distance

of 100micron from the center of the soma.

Conformation of induction of Diabetes using body
weight and blood glucoseBody weight and blood glucose
parameters were checked for the conformation of induction
of diabetes. Both these parameters were measured both at
two intervals; one at the beginning of the study and second
was after 15 days. Induction of diabetes was confirmed by
the increased blood glucose levels in the STZ group
compared to the normal control group whose blood glucose
levels did not alter significantly between two time points

(Fig. 3).

Effect of fenugreek treatment on the structural changes
of Hippocampal CA1 pyramidal neurons

Basal Dendrites: Data on dendritic intersections and
branching points in basal dendrites when subjected to
ANOVA revealed a significant effect between groups and
segments (P < 0.0001) and were decreased in all the
segments of DC group compared to the controls (Table I).
Treatment of fenugreekwas prevented the reductions of
intersections in the segments except 0-20 and 80-100
(p<0.001) and for the branching points except the last
Fig. 2. Quantification of intersections and branching points usirgegment as seen in Table I.

Sholl's method. A- Apical dendrites, B- Basal dendrites, DBP-

dendritic branching points, DI- Dendritic intersections, S- soma\pical Dendrites. Statistical analysis of the number of
CC- concentric circles intersections and branching points in apical dendrites
showed a significant difference between groups and

Statistical analysis.Results were expressed as mesiE.M.  Segments (p<0.0001, p<0.001). There was a decrease in

The data were analysed by one-way analysis of varianBte number of intersections in all segments (p<0.001, Table

(ANOVA) followed by Tukey’s comparison tests. Statistical!) With the exception of 0-20 segment, and decrease in the
significance was considered at P<0.05 in all cases. number of dendritic branching points in the segments except
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Fig. 3. Induction of diabetes was conformed by decreased body weight gain (A) and increased blood glucose level (Bluiger@'5, s
ttest.
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0-20 and20-40 (p<0.05) of the DC group of animalssegments compared to DC group (p<0.001, Table III).
compared to control groups. Treatment with fenugrediheras segments 20-40 and 40-60 showed ameliorative
significantly prevented this reduction on intersections iaffect with fenugreek treatment on branching points in the
40-60 and 60-80 segments (p<0.01, p<0.05) comparedD€ group of animals (p<0.05, Table ).
DC group of animals wheras fenugreek did not have a
significant effect on branching points in Diabetic controApical Dendrites. Analysis of the number of intersections
group of rats (Table II). and branching points in apical dendrites showed a
significant difference between groups and segments
Effect of Tfg treatment on the structural changes of (P<0.0001). There was a significant decrease in the number
Hippocampal CA3 pyramidal neurons of intersections in all the segments except 0-20 of the DC
group of animals compared to the control groups (p<0.05,
Basal Dendrites.Data on dendritic intersections andp<0.001, Table 1V). Diabetic control group of animals
branching points in basal dendrites when subjected tteceived fenugreek treatment showed restorative effect in
ANOVA also revealed a significant difference betweesegments except 0-20 and 20-40 compared to DC rats.
groups and segments (P<0.0001). The dendrit{p<0.01, P<0.001). wheras treatment with fenugreek
intersections were decreased in all the segments of the Blibwed the reversal of branching points only in the last
group compared to the controls (p<0.001) and interestingtizree segments (p<0.01, p<0.001) compared to the DC
treatment with fenugreek prevented this effect in all thgroup.

Table I. Number of dendritic intersections and branching points in basal dendrites of CA1 pyramidal neurons.

Segments (20um)
0-20 20-40 4060 60-80 80-100
|I. CA1 Basal Dendritic Intersections
NC 3.72+0.27 8.12+0.21 13.86 + 0.38 8.12+ 0.21 3.24+0.32
DC 1.87 + 0.24 3.12 + 0.25+ 5.55 + 0.34* 3.59 + 0.25+ 1.31+ 0.35™"
DC+TG 2.26 + 0.19 5.09+ 0.28# 8.49+ 0.31sm# 6.11 + 0.26w# 2.26+ 0.34

F (4, 100) = 467.9, P < 0.0001
*** p<0.001, **p<0.01 vs NC, ### p<0.001 vs DC, Two way ANOVA with Tukey’'s multiple comparison test
Il. CA1Basd Branching Points

NC 156 +£0.13 2.85+0.04 4.23+ 0.08 2.93+ 0.15 0.98+0.11
DC 0.52+ 0.11+ 1.13+ 0.05+ 1.53 £ 0.07- 0.97 + 0.12++ 0.41+ 0.09”
DC+TfG 0.98+ 0.12¢ 1.78 + 0.05## 2.64% 0.06## 1.83 + 0.12# 0.61+0.09

F (4, 100) = 346.6, P < 00001
Table I: *** p<0.001, **p<0.01 vs NC, ### p<0.001, ## p<0.01, # p<0.05 vs DC, Two way ANOVA with Tukey's multiple

Table II. Number of dendritic intersections and branching points in Apical dendrites of CA1 pyramidal neurons.

Segments (20 pm)
0-20 2040 40-60 60-80 80-100
I. CA1 Apical Dendritic Intersections
NC 0.94+0.14 2.36+x0.19 3.29+0.11 5.21+ 031 5.28+0.38
DC 0.31+0.15 0.87+0.19™ 1.14+ 024" 2.73+ 031 2.68+ 0.36
DC+TfG 0.54 +0.25 112+0.21 2.16 +0.27# 3.68+0.32+ 3.48+ 0.31

F (4, 100) = 144.2, P< 00001
*** p<0.001, **p<0.01 vs NC, ### p<0.001, # p<0.05 vs DC, Two way ANOV A with Tukey’s multi ple compari son test
II. CA1 Apca Branching Points

NC 0.34+0.11 0.71+0.09 0.97 +0.05 1.24+ 019 1.15+0.22
DC 0.12 +0.13 0.14+0.1 0.28+0.09' 0.52+ 021 0.48 +0.18"
DC+TfG 0.24+0.18 0.59+ 0.15 0.69+0.14 0.84+0.27 0.89+0.19

F (4, 100) = 12.51, P < 00001
Table Il: *p<0.05 vs NC, # p<0.05vs DC, Two way ANOV A with Tukey’'s multiple comparison test

1696




KODUMURI, P. K.; PANDEY, A. K. & THOMAS, C. Fenugreek seed extract alleviates hippocampal dendritic atrophy in streptozotocin induced diabmtid ratsrphol., 38(6)L693-1699, 2020.

Table 11l. Number of dendritic intersections and branching points in Basal dendrites of CA3 pyramidal neurons.

Segments (20 um)
0-20 20-40 40-60 60-80 80-100
|. CA3 Basal Dendritic Intersections
NC 6.18+0.17 12.42+ 0.28 16.29+ 0.26 17.34+0.21 13.14+ 0.22
DC 3.15+ 0.28+ 7.13+ 031+ 8.23+0.42-+ 9.14 +0.25+ 7.82+0.22-+
DC+TIG 4.86 +0.16#+ 10.23 +0.31"# 12.07 +0.28" 13.67+ 0.22" 10.98+ 0.184##

F (4, 100) = 777.0, P < 00001
*** n<0.001 vs NC, ### p<0.001 vs DC, Two way ANOVA with Tukey's multiple comparison test
Il. CA3 Basd Branching Points

NC 1.59 +0.23 6.34+021 5.68+0.25 4.22+0.16 1.52+0.15
DC 0.48+0.22" 2.07+031 2.14+0.29 1.37 +0.26++ 0.42+0.28
DC+TG 0.79 £+0.18 3.15+0.26# 3.21+0.14# 2.16+0.22 0.72+0.72

F (4, 100) = 146.7, P < 00001
Table I11: *** p<0.001, *p<0.05 vs NC, ## p<0.001, # p<0.05 vs DC, Two way ANOV A with Tukey’ s multiple comparison test

Table IV. Number of dendritic intersections and branching points in Apical dendrites of CA3 pyramidal neurons.

Segments (20 pm)
0-20 20-40 4060 60-80 80-100
I. CA3 Apical Dendritic Intersections
NC 0.38+ 0.07 1.23+004 1.82+0.16 2.56+ 0.32 3.68+0.19
DC 0.24+0.12 0.39+ 017~ 0.42+0.19" 0.82+ 0.38++ 1.24+ 0.26++
DC+TfG 0.32+0.11 0.92+0.13 1.25+0.12# 1.76 +0.28 2.83+0.21s

F (4, 100) = 97.74, P< 00001
*** p<0.001, *p<0.05 vs NC, ### p<0.001, ## p<0.01 vs DC, Two way ANOV A with Tukey’s multi ple compari son test
Il. CA3 Apcal Branching Points

NC 1.32+0.14 2.27+011 3.56+0.28 6.34+ 0.19 8.18 +0.12
DC 0.47 +0.25' 0.68+ 0.19- 1.1440.35" 1.48+ 0.23+ 2.14 +0.26-
DC+TG 0.68+0.25 1.28+0.19 2.31+0.26% 3.82+ 0.254# 5.12+ 0.22##

F (4, 100) = 342.8, P < 00001
Table V. *** p<0.001, *p<0.05 vs NC, ### p<0.001, ## p<0.01 vs DC, Two way ANOVA with Tukey’smultiple comparison test

DISCUSSION

The current study was undertaken to investigate thismked to memory loss. Experimental studies on
role of Fenugreek seed extracton diabetes-induc&lreptozotocin -induced diabetic rats showed neuro-
hippocampal dendritic atrophy. The results from this studyathological changes such as dark neurons and neuronal loss
have shown that Streptozotocin induced diabetes in ratsth reduced length, arborization and decreased density of
showed decreased neuronal arborization in both CA1 atite dendritic spines in the hippocampus (Sanchez-¥ega
CA3 neurons in the hippocampus. Treatment with fenugreek, 2015). In current study, decrease in the dendritic arbors
extract significantly prevented the hippocampal dendritio diabetic rat hippocampus were consistent with the previous
atrophy. In the present study, rats were injected with a sireports which indicate similar changes in the hippocampus
gle dose of STZ (60 mg/kgbwt) intraperitoneal which is &hanget al, 2015). The reasons for diabetes-inducted
validated the model for diabetic features which includedegeneration of neurons could be multifactorial like
hyperglycaemia and weight loss which were consistent withxidative stress, apoptosis, glutamate toxicity, decrease in
other studies (Radenkovet al, 2016). Our results also anti-oxidant enzymes and reduction in the neurotrophic
showed that diabetic animals treated with Tfg showefdctors.
significant reduction in blood glucose levels and maintained
body weight compared to the diabetic rats. It was reported that, persistent hyperglycemia in dia-

betes leads to activation of polyol-sorbitol pathways which

Diabetes has been reported to causlkeads tothe accumulation of reactive oxygen species in the
neurodegenerative changes in the hippocampus whichhippocampus region resulting in neuronal apoptosis
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(Pugazhenthet al, 2003). It is also reported that proteincognitive deficits associated with diabetes with the
facilitating apoptotic cell death like Bax and caspase-3 weeglministration of fenugreek seed extract. In the background
elevated in hippocampus of diabetic rats (Piotrowskil, of these promising results, we hypothesize that the anti-
2001). In addition, in the hippocampus of the diabetic rateyperglycemic, antioxidant and acetyl choline esterase
the activity of superoxide dismutase, glutathione peroxidapeoperty of the fenugreek seeds could be the reason for the
and catalase, anti-oxidant enzymes, are reducedéMdo prevention of dendritic atrophy seen in diabetic animals
2014; Kodumuriet al., 2019) and elevated levels oftreated with fenugreek seed extract. But to elucidate the exact
glutamate (Stem & Gardner, 2013). Therefore, it can bmeechanism of this ameliorative effect, and to examine its
hypothesized that hippocampal neurons of STZ-treated ratstential clinical use further studies are necessary. These
showed regressive plasticity due to the glutamate inducextracts need to be adequately and carefully examined further
excitotoxicity and reduced anti-oxidants levels. This increasssing electrophysiological and molecular markers which
in glutamate levels is substantiated by an altered level wiight enhance the scope of study on the effects of fenugreek
glutamate receptor like AMPA, NMDA and mGlu5 receptorseed extract on diabetes-induced learning and memory
in diabetic rats (Jayanarayananal, 2013). Neurotropic impairment.
factors like brain derived neurotropic factor (BDNF) is
considered as a crucial molecule in the regulation of dendritic In summary, our results showed that there was
arbors and number of spines (Bennettet & Lagopoulodendritic atrophy in the pyramidal neurons of the
2014). It has been reported that in the hippocampus of STppocampus in both CA1 and CAS3 regions in the diabetic
induced diabetes in rats, BDNF content and expression lamtrol rats. Dendritic atrophy was evident in both the apical
been reduced (Agrawat al, 2014). and basal regions of these pyramidal cells in the regions
evaluated. Treatment with fenugreek seed extract

The components responsible and the mechanism &ignificantly prevented this regressive plasticity observed
which fenugreek seed extract exerts their effects are notthe diabetic control group of rats. We propose that
clearly understood. Literature has already established thmetihyperglycemic and antioxidant property of the fenugreek
antihyperglycemic and anti-oxidant properties of theeed could be a potential reason for this effect.
fenugreek and hence it can be postulated that these two
properties could be the reason for the prevention of dendritic
atrophy associated with diabetes.It has been shown that KDUMURI, P. K.; PANDEY, A. K. & THOMAS, C. El extracto
administration of fenugreek seed powder to diabetic rats \/\fé%tserg_i||z§tf_9”l19_fe§k 'leiVia la atrotf"a ‘ie”dt”t(ijc_';a df' EPOCE“TPO en

. ratas diapeticas Inducidas por estreptozoto J. orpnhol.
i o lciesss e Hoodghecse (et 2003 Yy Sporsvsion s "
[, . y which fenugreek extrac

decreases blood glucose is by inhibiting intestinal glucose  ResUMEN: Los extractos de hierbas para el tratamiento de
uptake (Al-Haborket al, 2001). The active components ofia diabetes se han basado principalmente en las propiedades
fenugreek seed extract for this anti-hyperglycemic propertypoglucémicas y antioxidantes. En la literatura no hay estudios ba-
is saponin compounds (Goyel al). It has been showed sados en su efecto sobre la arquitectura dendritica de las neuronas
that peripheral hyperglycemia caused significant increas@ig@midales del hipocampo, causadas por la diabetes. El objetivo de

in brain sorbitol and inositol and reduced taurine which Wg;gte est_udlo fu_e investigar el efecto de la administracion de extracto
. de semilla ddrigonella foenungraecum(fenogreco) sobre la atro-

asso_c'at_ed with reduce_d dendritic bra_nChmg and Sp_llﬂg dendritica inducida por la diabetes en el hipocampo. Se indujo
density in hyperglycemic rats but not in hypoglycemigjapetes experimental en ratas mediante la administracién de una
animals. In addition, these hyperglycemic animals showedsis tnica de estreptozotocina (60 mg / kg) por via intraperitoneal.
impaired spatial memory in water maze task (Maletrel, Se administr6 a grupos de ratas extracto de semilla de fenogreco a
2008). A recent study by Kodumuet al has shown that razén de 1 g / kg de peso corporal durante 6 semanas. Las ratas fue-
diabetic rats administered with fenugreek seed extrad®f sacrificadas posteriormente y se procesaron los cerebros mediante

showed improved spatial learning and memory. The meétodo de tincion de Golgi-Cox. El nimero de puntos de ramifica-
P P g Y- n dendritica e intersecciones se contaron en segmentos radiales

animals also showed decreased blood glucose levelgeesjvos de 20m hasta una distancia radial de 100 micras del soma
decreased oxidative stressmarkers in hippocampugse analizaron mediante el método de Sholl. Las ratas con diabetes
decreased neuronal loss from CAl and CA3 regions mibstraron una disminucién significativa en la longitud dendritica y
hippocampus. Acetyl choline esterase inhibitory activity gps puntos de ramificacion en la mayoria de las dendritas apicales y
fenugreek seed is well established (Satheeshkemat, basales de las neuronas piramidales CA1 y CA3. El tratamiento con

2010) and this also could be one possible reason for tfﬁgracto de semilla de fenogreco alivid significativamente la atrofia
P dendritica en la mayoria de los casos, excepto en los puntos de rami-

improvement of memory and prevention of dendritic atropiyacign apical de la neurona CAL. El estudio demuestra que el ex-
in diabetic rats. Another recent study by Bafadetn@l  racto de semilla de fenogreco ademas de tener propiedades

(2019) has also shown promising results in amelioratirngpoglucémicas y antidiabéticas, también protege las neuronas
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