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ABSTRACT

AIM. To expiore the antistress effect of Morinda
officinalis (Chinese medicine “Bajitian” ) oligosaccharides
(MW-97) in mice. METHODS: Male mice and rals
were subjected o a variety of unpredictable stressors on a
daily basis over 15 d period and then the Vidiomex-V
image pattern analytic system was used to observe the
spontaneous motor activity. Meanwhile, regular method
was used to prepare pathologic section of adrenal gland
and blood cells analytic system was used to detect white
blood celt { WBC) coumt (including relative WBC
percentages) in peripheral blood. On the end, the serum
level of stress hommone was detected using radioimmuno-
assay. RESULTS: Chronic stress resulted in diffuse
hyperplasia of the adrenal cortex and awophy of the
adrenal medulla in mice, which suggested that stress-
adaption failure of the adrenal gland occurred, while
adrenal gland of the mice pretreated with MW-97 (100
mg/kg, ip) prior to each stressor for 15 d did not occur
any pathologic changes. In addition, chronic stress also
significantly reduced the WBC count and relative WBC
perceniages in the peripheral blood, including the
percentage of lymphocytes, monocyles, neutrophils,
however, MW-97 (25 and 100 mg/kg) reversed these
changes and raised WBC count, along with relative WBC
percentages significantly.  Furthermore, the serum con-
centration of testosterone was decreased and cortico-
sterone was increased significantly in chronically stressed
animals.  MW-97 also declined the serum level of
corticosterone and raised level of testosterone. MW-97
had no effects on the spontaneous motor activity in the
stressed mice. CONCLUSION: MW-97 had antistress
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effect against chronic stress. moreover, MW-97 had no
excitatory or inhibitory effects opn the CNS, which
suggested that MW-97 might become a new kind of
antistress agent.

INTRODUCTION

Although clinical depression can be subdivided into
several categories based on their etiologies. there are
reasons to believe that the endogenous depression may be
precipitated by environmental factors such as stress. It is
well known that the inability to successfully cope with or
adapt to stress can lead 1o ulcers, heart diseases,
hormonal imbalances, pathologic changes, and affective
disorder, erc. Current antistress drugs (eg, desipra-
mine ) had notable toxic or side effects. So, to develope
powerful and low toxic antistress agents became an
important researching direction in psychopharmacology .

Chinese tradlitional tonic medicine Bajitian ( Morinda
officinalis How )}, which is in common use has many
effects, including tonifying the kidney, strengthening
yang-qi, relieving theumatism, erc''’. In our previous
study, it was found that the inulin-type oligosaccharides
(MW-97) extracted from Bajitian had antidepressant
effects, while little was known about its antistress
properties. MW-97 was the mixture of several inulin-
type oligosaccharides with similar structure shown below,
it was the effective component. Tt is known that the key
character of depression or chronic stress was hyperaction
of the hypothalamo-pituitary-adrenal { HPA) axis and
seum main  glucocorticoids-vorticosterone  ( Cort ) is
persistently elevated, then the neurcendocrine immuno-
modulating network would be in disorder, which was
expressed with defection in sexual function and immunity
as well as learning and memory, depression and
dementia, efc. As the key effector of the HPA axis, the
adrenal gland would also appear compensative pathologic
changes, In this study, the chronic stress models in
murine were established and the antistress effect of MW-
97 was observed.



ISSN (02339756 Acta Pharmacol Sin - P 08 8 F4k 2001 Dec; 22 (12)

E-rmail aps®@ mail . shene. ac. cn

Phn/Fax 86-21-6474-2629 ©O10RS -

Structure of MW-97 (r=2-5)

MATERIALS AND METHODS

Animals Male mice (20 g+ 2 g) of Kunming
strain or male Wistar rats (180 g +20 g) were provided
by the Animal Center of Academy of Military Medical
Sciences (Grade Il , Certificate No 99001).

Drugs and reagents Bajitian oligosaccharides
(MW-97, yellow powder, purity of oligosaccharides
beyond 90 % ) was provided by the Botanical Chemistry
Lab in our institute, desipramine (DIM) were from
Sigma {USA); testosterone or corticosterone radioimmu-
noassay kit were from Academy of Chinese Atomic
Energy Sciences.

Drug treament Forty animals were randomty
divided into five groups (eight mice in each group)
according to their body weights as normal control,
chronic stress comtrol, erug treatment groups (DIM 15
mg/kg. MW-97 25 and 100 mg/kg, ip) respectively.
Drugs were injected daily 30 min before each stressor and
the control groups received only water injection daily.

Chronic stress procedure in mice'**  The
chronic stress regimen used was a variant of Roth er
al** . Stressors were administered once per day over a
period of 15 d between 8:00 am to 11:00 am. The
exact order of stressors was detailed in Tab 1. The
spontaneous motor activity of the mice was detected
between 9 (00 am to 11:00 am and the tail vein blood
sample 20 ;L was collected between 2:00 pm to 4:00 pm
on d 16, using the F-800 blood cell analysis apparatus
(Sysmes Co, Japan), white blood cells (WBC) count
was proceeded. On d 17, after sacrifice a trunk blood
sample was collected and allowed to clot at room tem-
perature. at the same time, adrenal gland was removed.
The blood was centrifuged at 130 x g for 10 min, and the
supernatent was removed and stored at —20 T until
radioimmunoassay of testosterone was performed. The
adrenal gland was put in 10 % formalin solution for
fixation. and pathologic section was prepared with regular
method including  dehydration.  transparence. embed-

ment, slicing, and HE dying, finally, pathologic change
was observed and taken pictures with microscope.

Tab 1. Chronic stress regime of mice.

Day Treament Duration
1 Cold swim (12 ¥) 6 min
2 Food deprivation 2+ h
3 Footshock (1 mA, 1 s doration, average | 30 min

shock/min)
1 Overhang (2 ~ 3 cm apan from surface of 30 min
water }
5 Water deprivation 24 h
6  Tail pinch {1 cm apant from the end of the 1 min
tail)
T Overhang I'h
8  Fuot shock 45 min
9 Cold swim f min
10 Water deprivation 24 h
11 Overhang 1.5h
12 Food deprivation 24 h
13 Tail pinch 2 min
14 Foot shock lh
15 Cold swaim 6 min

Chronic stress procedure in rats” ¥ The
regime of stress in rats was similar to that described in
mice, the following two stressors were added: 2 h
restraint and 60 min high speed horizontal shaking, while
the stressor ol overhanging in mice was not used in rats.
Rats were killed by cervical dislocation 24 h after the last
treatment and the serum samples was prepared and stored
at —20 T for radivimmunoassay of corticosterone.,

Spontaneous motor activity  Thirty minutes
after drug injections, stressed mice were plunged
individually into an open field (35 cm x 30 ¢cm x 22 ¢n)
fitted with a black rubber floor. Four mice was always
performed in one period. The videotape scene was
shown by computer display unit and Vidiomex-V image
pattern analytic instrument ( Columbus Co, USA) was
operated and controlled by the computer.  After subjects
were placed in the open field, allowed to habituate to the
enviroment for 10 min, subsequently the Vidiomex-V
system would automatically display and record the
spontaneous movement in later 10 min. The detected
parameters included travelling distance, ambulatory time,
resting time, and average speed.

Radioimmuncassay of testosterone and corti-
costerone  The operating procedure was performed
according to the specification of radicimmunoassay kit .

Statistics  Values were given as ¥ = 5. Com-



155N (951975 Acts Pharmocol S P B EH4H 2000 Dec; 22 (12)

-]usﬁ-

el g @ il , shenc . ac., on

PruuFua 86 21 (174 2620

parisons of groups were made wilh one-way ANOVA
analysis.

RESULTS

Pathologic change of adrenal gland in siress-
ed mice The pathologic scction of adrenal glands in
nommal control mice showed distinet configuration in an
order arrangement of which was globular band, comcx
fascicular band, and medulla respectively from vubide v
inside (Fig 1A). In chronically swressed mice, it was
chown that cortex of the adrenal gland was diffuse
hyperplasic and the medulla was atrophic { Fig IB).
Mﬁchm}'heumujbyexcessivcmfﬁmdmim-
stcione in cortex and depletion of adrenalin vesicles in
medulla.  While adrenal gland of stressed mice (reated
with DIM 15 mg/kg was improved obviously, even w be
pormal ( Fig 1C). The adrenal gland of mice treated
with MW-97 100 mg/kg did not display any pathologic
changes (Fig 113). Tt was indicated thar DM
MW-97 had anrismess effecls.

WBC count in stressed mice One of the
characters of strese or depression was immunity detechon
which was mediated by high blood level of cortico-
sierone.  Our tesulls showed that the counts of total
WBC, lymphocytes, monocytes, and neutrophils were all
decreased significamtly. MW-97 at the doscs of 25 and
100 mg/kg could ralsed tem (Tab 2}, which suggested
that MW-97 might improve immunosuppressive slales
induced by coricosterone.  These resulis supported
antistress effect of MW.97.

Modulation of MW-97 on serum testosterone
and corticostcronc in ctressed mice and rats
Cumpared with normal mice group, the weight of testicle
of chronically stressed mice showed decreasing tendency
but there was no siguifivant Jifference.  While scrum
level of testosterone in stressed mice was reduced, the

A

Fig1. Eficcts of MW 97 and DIM on the pathnlagic
change of adrenal gland in stressed mice. A: normal
control; R: stressed control; C: stress + DIM (15 mg/
kgl : D: stress+ MW-97 (100 mg/kg) . HE stain, =30,

treatment of MW 07 at the doges of 25 and 1N} mg/kg
made it elevated (Tah 3) and decreased the serum level
ol corticosterone in chronically stressed rts (Tub 4),
which suggested (hat MW-97 had antistress and Yang-
tonic effects.
Spontaneous motor activity in stressed mice
‘The spontanenns movement of mice included walking,
scratching, washing face, licking, and smelling. efc.
In this test, all kinds of the parameters of spontanens
motor activity between stressed and normal mice had no

Tah2. Effect of MW-97 on WBC count in stressed mive. n=8. %= s. 4 < 0,05 vs stress control. P <0.05,
TP <0.01 vs normal comtrol.
i Dose: Total WDC Lymphocytes Monocytes Mertrophils
i /merke " x %Lt
Mormal = TR+0.8 0.0£ 0.3020.11 1.5£0.4
Siress - 5.4%1.4" 4.0+1.00 0.17 £0.10° 1.020.4°
DM 15 744210 .6xl.4b 03240 180 L4£0.b
MW-aT 10 g+ 08 5.9+1.8" U2t 1.8x£0.4%
5 7.5£3.0F 552200 0.20 £ 0.09 1.8x0.9"
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Tab 3. Modulation of MW-97 on serum iestosterone
concentration in stressed mice. n = 8. x * §.
P <0.05, ‘P<0.01 vs stress control. °*P<0.05 wvs
normmal control.
Groups Dose/mg-kg ™' Testosterone/ng-L~"
Normal ~ 204 £ 232
Stress -~ 58170
DM 15 268 = 251°
MW.07 100 193+ 73
25 335+ 102¢
Tab 4. Modulation of MW-.97 on serum corticosterone

concentration in stressed rats. n=8. xzs. ‘P<0.01

vs stress control, P <0.01 vs normal control.

Corticosterone,

. o |
Groups Dose/mg* kg Pl )
ormal - b4
Siress - 197 + 35'
MW.07 100 120+ 51¢
25 106 + 52°
notable difference, while the twavelling distance,

ambulatory time, and average speed of the stressed mice
were all shortened and the resling time was prolonged
after treatment with DIM (15 mg/kg). This resuli
suggested that DIM had a sedative effect in stressed mice.
The spontanecus motor activity of the mice treated with
MW7 did not show significant change, suggested that
MW-97 had no excitatory or sedative effects (Tab 5).

DISCUSSION

Chronically stressed conditions could simulate the
symptoms of depression, for instance, chromic stress
could duce the atrophy of hippocampus and denaturation
of neurons in CA3 regi(mis‘(’]. Chronic stress could

induce the lesions or apoptosis of lymphocytes and
neutrophils in rats and these changes were mediated by a
high concentration of serum corticosterone induced by
stress' & . In our study, chronic stress did induce the
increase of serum corticosterone amd decrease of immune
cell counts in mice. MW-97 at the doses of 100 and 25
mg/kg reversed these changes which supported its
antistress effects.

It was reporled that sitress-induced HPA axis
hyperaction would inhibit the activity of hypethalarnus-

Corticosterone could dec-
(9]

pituitary-gonad (HPG) axis.
rease testosterone synthesis from testicles
et al demonstrated that testosterone could also inhibit the
release of corticotropin-releasing factor from hypotha-
lamus and the activity of HPA axis""). Therefore, the
relationship between coticosterone and testosterone was
reversing cascade”!!.  The elevation of serum festo-
sterone after treament with MW-97 maybe related with its
inhibition on HPA axis. So, it was suggested that the
increasing of serum level of testosterone after MW-97
treament maybe one of the most mportant basis for
improving of immune activity.

Moreover, this study provided further evidence of
the antagonism of MW-97 on chronic stress. The HPA
axis of chronically stressed mice was hyperactive and the
corticosterone secreted from cortex of adrenal gland was
excessive, naturally, the cortex was hyperplastic and
plump compensationally.  On the contrary, a high
concentration of corticosterone could induce medulla

Bingama

phecchromocytes to release catecholamine exhaustively,
ultimately, the medulla became awophic. In fact, the
hyperplasia of corlex and atrophy of medulla were all
compensational pathological changes induced by stress and
they were related with each other, which represented the
synergetic effect berween HPA axis and sympathetic-
adrenal medulla system. Treament with MW-O7 made
these two systems balanced and protected adrenal gland

Tab 5. Efiect of MW-97 on spontaneous movement in stressed mice. n=8. %z s. “P<0.01 vs stress control.
Dose ) . N
Groups gk Distance/cm Ambulatory time/'s Resting time/s Speed/cm+s~*
Normal - 1906 + 310 355+ 53 238+ 00 3.3+x0.9
Stress - 1805 + 236 30+ 30 222432 4.9+0.4
DM 15 1188 +296° 29] + 48° 207 + 48 4.1+0.5
Mw9?T 100 1623 + 436 3 £57 256+ 37 4.7+0.6
235 1644 + 398 34+ 46 237+ 48 4.6+0.7
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from the pathologic change, this evidence further
supported MW-97's antistress and antidepressant effects.

The inulin-type oligosaccharides extracted from tonic
medicine Bajitian could improve the stressful condition
significantly and did not have excitatory or inhibitory
effects on CNS, moreover, it had litle wxicity and could
be taken orally. All of these results owed inspirative
prospect for its using as an antistress agent.
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