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Effect of Boswellia serrata gum resin on the morphology
of hippocampal CA1 pyramidal cells in aged rat
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Abstract Experimental evidence indicates that adminis-

tration of Boswellia resin, known as olibanum or Frank-

incense, increases memory power. It is reported that beta

boswellic acid, the major component of Boswellia serrata

gum resin, could enhance neurite outgrowth and branching

in hippocampal neurons. We therefore studied whether

Boswellia treatment produces morphological changes in

the superior region of cornu ammonis (CA1) in aged rats.

Sixteen male Wistar rats, 24 months of age, were randomly

divided in experimental and control groups. The experi-

mental group was orally administered Boswellia serrata

gum resin (100 mg/kg per day for 8 weeks) and the control

group received a similar volume of water. The Cavalieri

principle was employed to estimate the volumes of CA1

hippocampal field, and a quantitative Golgi study was used

to analysis of dendritic arborizations of CA1 pyramidal

cells. Comparisons revealed that Boswellia-treated aged

rats had greater volumes than control animals in stratum

pyramidale and stratum radiatum lacunosum-moleculare.

The neurons of CA1 in experimental rats had more dendritic

segments (40.25 ± 4.20) than controls (30.9 ± 4.55),

P = 0.001. The total dendritic length of CA1 neurons was

approximately 20 % larger in the experimental group

compared to control. Results also indicated that the aged

rats treated with Boswellia resin had more numerical

branching density in the apical dendrites of CA1 pyramidal

neurons. The results of the present study show that long-

term administration of Boswellia resin can attenuate age-

related dendritic regression in CA1 pyramidal cells in rat

hippocampus.
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Introduction

As the aging population is growing, it is important to

understand age-related alterations in brain function and

structure. Aging is usually linked to a deficit in learning

and memory (Rosenzweig and Barnes 2003). Numerous

investigations examining neurobiological substrates of age-

associated memory decline have been focused on the hip-

pocampus, because it is a brain structure that is vital for

normal memory and also is sensitive to the process of aging

(Driscoll and Sutherland 2005). Experimental studies on

age-related changes in dendritic morphology are of par-

ticular interest, because dendrites bear the majority of

synapses and contribute to functional changes (Horner

1993).

Markham et al. (2005) proposed that dendritic regres-

sion in cornu ammonis region 1 (CA1) in the hippocampus

is a morphological correlate of the memory impairment in

aging. A severe decrease in microtubule-associated pro-

teins was also observed in the dendrites and axons of

hippocampal CA1 neurons in aged mice (Himeda et al.

2005). It is reported that axonal degeneration is accompa-

nied by disruption of microtubule protein and leads to

neurodegenerative diseases and memory loss (Nakayama

and Sawada 2002).
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One approach to age-related memory has focused on

finding drugs to improve declining memory. Boswellia

resin (known as olibanum or Frankincense) from the trees

of the Boswellia species native to Arabia, Eastern Africa

and India (Archier and Vieillescazes 2000) has been used

for many centuries in traditional medicine in Europe, Asia,

and Africa as a major anti-inflammatory agent (Moussaieff

and Mechoulam 2009; Ernst 2008; Ammon 2006). Grow-

ing evidence now indicates that this gum resin could

increase memory power (Mahmoudi et al. 2011; Farshchi

et al. 2010; Hosseini et al. 2010). It has also been shown

that incensole acetate, isolated from Boswellia resin,

attenuates hippocampal neurodegeneration and improves

cognitive ability (Moussaieff et al. 2008a). In vitro studies

have indicated that beta boswellic acid, the major compo-

nent of Boswellia serrata (Bs) gum resin, could enhance

neurite outgrowth and branching in hippocampal neurons

(Karima et al. 2010). It also increased microtubule protein

length distribution and the polymerization rate of tubulin

(Karima et al. 2012).

Based on this background, this study aimed to evaluate

the effects of Bs gum resin on the volumes of the CA1

hippocampal field, i.e. stratum oriens, stratum pyramidal

and stratum radiatum lacunosum-moleculare (Fig. 1), and

the dendritic morphology of hippocampal CA1 neurons in

aged rats. The Cavalieri principle (Gundersen et al. 1988),

an unbiased stereological method, was employed to esti-

mate the volumes, and a quantitative Golgi study was used

to analyze dendritic arborizations.

Materials and methods

Animals and treatment

Male Wistar rats, 24 months old and weighing 537–568 g,

obtained from the animal house of Isfahan Medical Fac-

ulty, Iran, were maintained under standard laboratory

conditions with food (Khorak Daam Pars, Iran) and water

ad libitum under a 12:12 light–dark cycle (lights on at 7:00

a.m.). Aged rats were randomly divided into two groups

(n = 8 in each group). The first group, the Bs group, was

orally administered Boswellia serrata gum resin (100 mg/

kg per day for 8 weeks). The second group, the control

group, was administered a similar volume of water. All

animal experiments and housing was carried out in accor-

dance with rules approved by the Ethics Committee at the

Shahid Sadoughi Medical University of Iran. The Bo-

swellia gum resin with certified botanical origin, Boswellia

serrata, was received as a gift from Gol darou phytolabo-

ratory (Isfahan, Iran). This powdered extract was dissolved

in and then diluted with water to the desired concentration,

and administered orally with oral feeding needle in a vol-

ume of 5 ml/kg body weight.

Histological procedure

Rats were deeply anesthetized with urethan (Merk, Ger-

many) and transcardially perfused with a phosphate-buf-

fered solution (pH 7.2, 0.12 mol/L) of 4 % formaldehyde

and 1 % glutaraldehyde. The brains were divided into

hemispheres. One hemisphere was selected at random for

estimating the volumes of CA1 field layers, and the other

for morphometeric analysis of CA1 neuronal dendrites.

They were postfixed in the perfusate, overnight. A posterior

portion of each hemisphere that contained hippocampus

was taken. Brains were blind coded before sectioning.

Coronal sections of 100 lm thickness were cut serially

with a vibratome (Diapath, Italy), and were collected along

the entire extent of the hippocampus.

Volume estimation

Using systematic uniformly random sampling, every fifth

section (with an interval of 500 lm) was taken. The sec-

tions were mounted on gelatin-coated object glasses

immediately after the sectioning and fixed on these by air-

drying at room temperature. The dry sections were stained

using hematoxylin: dip in distilled water, 4 min in hema-

toxylin, washed in running tap water for 10 min, rinsed

with distilled water, dehydrated in 70 % (10 min), 96 % (20

5 min) and 99 % ethanol (20 8 min), cleared 15 min in

xylene; and coverglasses were mounted.

Discrimination between the different subdivisions of the

hippocampal formation (Fig. 1) was made according to cell

morphology (West et al. 1991). Dentate gyrus contains

densely packed granule cells, with the smallest neuronal

cell bodies in the hippocampus. Pyramidal cell layer (cornu

ammonis) of the hippocampus is divided into CA3, CA2

and CA1. The CA3 pyramidal cell layer is composed of

large perikari, located near dentate gyrus and the CA1

pyramidal cell layer, lying closer to the subiculum and

contained smaller pyramidal cells. The CA2 region consists

of a narrow zone of cells located between the CA3 and

CA1 region. It contains large pyramidal neurons similar to

those seen in CA3, but more loosely packed. The subicu-

lum contains pyramidal cells with neuronal cell bodies

similar to those seen in the CA1. Transition from CA1

pyramidal cell layer to subiculum is defined as the point at

which the deeper cells of the layer become progressively

more loosely packed and cease to be contiguous. The

borders of each sector of the cornu ammonis (CA1–CA3)

and the subiculum were delineated using the atlas of the rat

brain (Paxinos and Watson 2007).
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The Cavalieri principle was used to estimate the refer-

ence volume of the constituent layers of the hippocampal

CA1 field. A grid with a tessellation of points was ran-

domly positioned on each section, and the points hitting

each layer of CA1 were counted. The number of points,

RP, was multiplied with the area associated with each

point, a(P), to obtain an unbiased estimate of sectional area

of each profile. The sum of sectional areas of the layers was

used to estimate reference volume, V(ref), from the fol-

lowing relationship, where t represents the distance

between sections:

V refð Þ ¼ t:RP: a pð Þ ¼ t:RA

No areal shrinkage correction was used in the study,

because of the insignificant magnitude of the shrinkage and

because no difference in shrinkage was found between

groups (mean areal shrinkage of 4 % was detected).

Dendritic arborization analysis

Sections were processed according to a modified version

of the single-section Golgi impregnation procedure

(Gabbott and Somogyi 1994). Brain sections were incu-

bated in 3 % potassium dichromate in distilled water

overnight. The sections were then rinsed in distilled

water, mounted on plain slides and a coverslip was glued

over the sections at four corners. These slide assemblies

were incubated in 1.5 % silver nitrate in distilled water

overnight in darkness. On the following day, the slide

assemblies were dismantled, tissue sections rinsed in

distilled water and then dehydrated first in 95 % ethanol,

followed by absolute ethanol. The sections were then

cleared in xylene, mounted onto gelatinized slides and

coverslipped under Permount (Fisher Scientific, Pitts-

burgh, PA, USA).

For morphological quantification, ten pyramids of the

CA1 region were selected and pooled per animal in a single

group. The morphological criteria used for selecting the

neurons to be measured were as follows (De Ruiter and

Uylings 1987): (1) dark and consistent impregnation

throughout the extent of dendrites; (2) cell bodies located

in the middle part of the section thickness in order to

minimize branch segments cut off at the plan of the sec-

tion; and (3) relative isolation from other neighboring

impregnated cells, blood vessels and silver deposits.

Because these criteria were fulfilled solely by apical den-

drites, the basal dendritic trees of pyramidal cells were not

included in the estimations.

The presence of cut terminal segments on a neuron was

not considered as a criterion for exclusion from the esti-

mations, because the elimination of these neurons would

have biased the sample towards smaller neurons (Uylings

and Van Pelt 2002; Uylings et al. 1986). The likelihood

that these cut branches could have interfered with the final

results is negligible, because we found that in the Golgi

sections of experimental and control rats, there was a

similar percentage of cut branches.

Following these criteria, the dendritic trees of CA1

pyramidal cells were traced by hand with the aid of a

camera lucida (Leitz Orthoplan, Wetzlar, Germany), at a

final magnification of 6409. The centrifugal ordering of

dendritic trees was used to estimate the number of dendritic

segments per cell (Uemura et al. 1995). Accordingly, order

1 was assigned to the dendrites arising from the soma, and

the successive orders were sequentially attributed to each

branching point up to the terminals. The total number of

segments per cell was calculated by summing the number

of dendritic segments of all orders. For metric analysis, the

dendritic length was measured using a Zeiss interactive

digitizing analysis system (Zeiss, Germany). The branching

density of dendritic trees was evaluated by applying the

Sholl ring method. A grid of concentric rings (successively

25 lm apart) was placed over the camera lucida drawing of

the dendritic field, centered on the soma, and the number of

dendritic intersections crossing each concentric ring was

counted (Uylings et al. 1986). Whenever the dendrites

extended beyond 375 (circle 15), they were included in

circle 15.

Statistical analysis

Independent Samples T test was performed on data from

the experimental and control rats. Differences were con-

sidered to be significant for P \ 0.05.

Results

The results showing an effect of Bs on the volumes of the

different layers of the CA1 region are represented in

Table 1. Comparisons between the two groups revealed

that Bs-treated aged rats had greater volumes than control

animals in stratum pyramidale and stratum radiatum la-

cunosum-moleculare (P \ 0.05). The mean volume of

stratum oriens, however, did not differ between Bs and

control groups (Fig. 1).

Our results also showed that a significant increase of the

dendritic branches of CA1 pyramidal cells was present in

sections from the Bs group as compared to the controls

(Fig. 2). Comparisons between the two groups revealed

that the neurons of CA1 in experimental rats had more

dendritic segments (40.25 ± 4.20) than in controls

(30.9 ± 4.55), P = 0.001. A significant effect of Bs

treatment was also observed for total dendritic length, where

an approximate 20 % increase was observed in the
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experimental group. The mean values were 1,830 ± 171 lm

for Bs-treated aged rats and 1,536 ± 135 lm for control

rats.

Study of the dendritic intersections showed that the

effect of Boswellia treatment was significant for circles 10,

11, 12 and 13 (Fig. 3). The number of intersections in these

Fig. 1 Coronal sections at various levels along the rat hippocampus

of both controls (a, b and c) and Boswellia treated groups (d, e, and f).
DG dentate gyrus, CA cornu ammonis, S subiculum, Or stratum

oriens, Py stratum pyramidale, Rad stratum radiatum, LMol stratum

lacunosum-moleculare. The dark thick lines show the borders

between CA1 and CA2, CA2 and CA3, and the subiculum and

CA1. Boswellia-treated aged rats display greater size of stratum

pyramidale, and stratum radiatum lacunosum-molecular in the CA1

hippocampal field than controls. Scale bar = 800 lm and applies to

all frames
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circles in the Bs group was higher than in the control group

(P \ 0.05).

Discussion

The purpose of the present study was to determine whether

long-term administration of Boswellia gum resin influences

the morphology of CA1 hippocampal field in male aged

rats. Our study shows that the administration of Bs for

8 weeks (once per day) induced increases in the volumes of

pyramidal layer and the radiatum lacunosum-moleculare

layer of the CA1 field, where cell bodies and apical den-

drites of CA1 pyramidal cells are situated in aged rat

hippocampus. Quantitative morphological analysis of

dendritic architecture of Golgi-impregnated CA1 hippo-

campal neurons also indicated that the aged rats treated by

Boswellia gum resin showed more branches in the apical

dendrites of CA1 pyramidal neurons.

Although we didn’t investigate the mechanisms

underlying the increase in the dendritic material in this

study, the observed increase in the number of dendritic

segments and the branching density might be the result of

(1) an outgrowth of new dendritic branches, or (2)

reducing the speed of dendrite regressive changes, which

has been observed during normal aging (Markham et al.

2005; Uylings and De Brabander 2002; De Brabander

et al. 1998). It is reported that beta boswellic acid, the

major active component of Boswellia serrata gum resin,

could enhance neurite outgrowth and branching in hip-

pocampal neurons (Karima et al. 2010). It also prevents

the disruption of microtubule protein integrity (Karima

et al. 2012) as a cause for neurodegeneration during aging

(Himeda et al. 2005). It should be considered that Bo-

swellia resin contains several active ingredients in addi-

tion to boswellic acids. Incensole acetate, another main

component of Boswellia resin, and its derivatives also

attenuate hippocampal neurodegeneration via anti-inflam-

matory effects on the brain (Moussaieff et al. 2008a).

Furthermore, the phytochemical analysis of Boswellia

gum resin demonstrated the presence of bioactive com-

ponents, including flavonoids, alkaloids and saponins

(Farshchi et al. 2010), that mediate antioxidant properties.

It might be suggested that Boswellia treatment possibly

protects the hippocampus against oxidative stress in aged

rats. However, further studies need to be designed to

define the precise biological mechanism behind the Bo-

swellia-induced neuritic enhancement. To understand the

Fig. 2 Photomontages of Golgi-impregnated CA1 neuron from

control (a) and Boswellia-administrated aged rats (b). CA1 pyramidal

cells from Boswellia-treated rats display an obvious enhancement of

their intermediate and terminal dendritic segments, when compared to

similar neurons from control rats
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Fig. 3 Graphic representation of the dendritic branching density of

CA1 hippocampal neurons of experimental (Boswellia) administrated

aged rats and control. Vertical bars represent SEM. Circles 10, 11, 12

and 13, P \ 0.05

Table 1 Volumes of the layers of the hippocampal CA1 field (mm3)

in experimental (Boswellia administrated) and control rats

Hippocampal CA1 field Control

(n = 8)

Experimental

(n = 8)

P

Mean (SD) Mean (SD)

Stratum oriens 3.28 (0.38) 3.06 (0.48) 0.273

Stratum pyramidale 1.86 (0.24) 2.14 (0.31) 0.036

Stratum

radiatum ? lacunosum

moleculare

6.18 (0.86) 7.08 (0.89) 0.033

Total 11.21 (1.21) 12.46 (1.32) 0.040
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cellular mechanisms of these alterations, we are planning

a detailed analysis of the effects of Boswellia and its

components (incensole acetate and boswellic acid) on

indices of oxidative stress in brain tissue after chronic

treatment.

In preliminary experiments, our data showed that the

Boswellia-treated aged rats had better spatial memory per-

formance in a water maze test than that observed for the

boswellic acid-treated group. Several studies also indicated

that the activity of Boswellia resin can be superior to that of

purified boswellic acid (Poeckel and Werz 2002). Therefore,

in this study, we examined the effect of Boswellia resin

administration on the hippocampal morphology, instead of

employing Boswellia ingredients for the experiment.

While anti-inflammatory (Duwiejua et al. 1993;

Moussaieff et al. 2007), anti-arthritic (Sharma et al. 1989),

antimicrobial (Camarda et al. 2007), anticarcinogenic

(Huan et al. 2000) and hypolipidemic (Dixit et al. 1980)

activities of Boswellia and its components have been well

documented (Ernst 2008; reviewed by Moussaieff and

Mechoulam 2009), only a few studies have examined the

effect of Boswellia resin and its constituents on the central

nervous system. Menon and Kar (1971) reported that an

ether extract of Boswellia serrata resin produces analgesic

and sedative effects in rats. Moussaieff et al. (2008b) found

that incensole acetate, a Boswellia resin component, causes

anxiolytic and antidepressive effects in behavioral mice

models. Moussaieff et al. (2008a) reported a neuroprotec-

tive effect of incensole acetate in an experimental model of

traumatic brain injury, and demonstrated that it reduced the

amount of degenerating neurons in the hippocampus. In

this view, in agreement with earlier studies, results of our

study showed that Bs had neuroprotective effect on CA1

hippocampal neurons.

Since ancient times, many compounds from herbal

medicines have been reported to improve cognitive func-

tion (Hsieh et al. 2010). In the past few years, in Iran,

extensive basic research studies have been focused to

investigate the effect of Boswellia gum resin on learning

and memory. For example, Hosseini et al. (2010) reported

that long-term administration of 100 and 500 mg/kg olib-

anum prevented learning and memory impairment in

hypothyroid male rats. Moreover, improvement of memory

performance in male Wistar rats and male NMRI mice that

were administrated Boswellia papyrifera, 100 and 150 mg/

kg, 30 min before radial arm maze and Morris water maze

tests, was observed (Farshchi et al. 2010). The enhance-

ment effect of Boswellia papyrifera and b-boswellic acid

on spatial memory retention in male Wistar rats has also

been shown (Mahmoudi et al. 2011).

Results of this study provide a neuroanatomical basis

that may be relevant to the early reported improvement of

learning and memory abilities in BS-treated rats. The

precise mechanisms responsible for the efficacy of Bo-

swellia serrata are still a matter of debate and remain to be

clarified.

In conclusion, our results show that long-term admin-

istration of Boswellia resin in the aged Wistar rat has

neuroprotective activity and enhances dendritic arbors in

CA1 pyramidal cells. The findings of the present study

suggest the therapeutic potential of this herbal drug in

neurodegenerative diseases.
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