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Saireito (a Chinese Herbal Drug) Decreases Inhibitory Effect
of Prednisolone and Accelerates the Recovery of Rat
Hypothalamic-Pituitary-Adrenal Axis
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Abstract. Saireito, a saiko agent (a Chinese herbal drug), increases the synthesis and secretion of ACTH
by stimulating hypothalamic CRH release. In the present study, we examined the effect of food
containing saireito (1.5%) on the recovery of the hypothalamic-pituitary-adrenal axis after treating male
rats with prednisolone (PSL, 200 uM) in drinking water for 14 days. Saireito was administered during
and after PSL administration. The rats were decapitated at various times after PSL administration. Tail-
pinch stress had been applied to some rats. The plasma ACTH response to tail-pinch stress in the PSL +
saireito group recovered to the control level on day 1, but that in the group given PSL alone recovered
onday 3. The ACTH level in the anterior pituitary and the CRH level in the median eminence of the PSL
+ saireito group returned to the control level on day 3, and that in the group given PSL alone returned to
it on day 5. These results indicate that the administration of saireito reduces the negative feedback effect
of PSL on the hypothalamus and pituitary and accelerates the recovery of the hypothalamic CRH and
pituitary ACTH level after glucocorticoid treatment.
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LONG-TERM administration of glucocorticoids
causes profound suppression of the hypothalamic-
pituitary-adrenal (HPA) axis by negative feedback.
Glucocorticoids inhibit synthesis and secretion of
CRH in the hypothalamus and that of ACTH in
the anterior pituitary gland (AP), causing
adrenocortical atrophy. Recovery of the HPA axis
in humans usually takes weeks to months [1, 2].
The pattern of recovery after long-term
glucocorticoid treatment is thought to be as follows:
Hypothalamic CRH synthesis and secretion
presumably recover first and synthesis and

Received: June 64, 1997

Accepted: October 7, 1997

Correspondence to: Dr. Toshihiro SUDA, Third
Department of Medicine, Hirosaki University School of
Medicine, 5-Zaifu-cho, Hirosaki 036-8216, Japan

secretion of ACTH recover slightly later. Finally,
adrenal steroidgenesis recovers a short time after
the recovery of ACTH [3-8]. In previous studies
on the recovery of the HPA axis in rats after
treatment with pharmacological amounts of
glucocorticoids for 14 days, the responsiveness of
the HPA axis was restored within 10 days [9-11].
Saiko agents, which are Chinese herbal drugs,
are now believed to enhance the effect of
glucocorticoids in treating nephrotic syndrome,
bronchial asthma and chronic rheumatoid arthritis
[10, 12, 13]. Saiko agents also stimulate ACTH
secretion [14-16]. In previous studies, we found
that saireito, a saiko agent, stimulated CRH release
and POMC gene expression in a dose-dependent
manner in rats [17, 18]. In the present study we
examined whether the administration of saireito
together with prednisolone (PSL) could enhance
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recovery of the suppressed HPA axis after the
withdrawal of PSL treatment.

Materials and Methods

Male Wistar rats (170-190 g) were housed in an
air-conditioned room under a controlled light-dark
cycle (lights on at 0800 h, off at 2000 h). Food and
water were available ad libitum. All the rats were
handled and weighed daily for 1-2 min throughout
the experiments and divided into 4 groups. The
first group were given water containing 0.1%
ethanol and normal rat food (control). The second
group were given 200 uM PSL 21-sodium succinate
(Sigma Chemical Co. Ltd., St. Louis, MO) in their
drinking water containing 0.1% ethanol for 14 days
and normal rat food (PSL alone), and mean water
intake was 25 ml/rat/day. The third group were
given water and rat food containing 1.5% saireito
(about 1.5 g of saireito/kg BW/day, Tsumura, Co.
Ltd., Tokyo, Japan) (saireito alone). The fourth
group were given PSL in their water for 14 days
and rat food containing saireito (PSL + saireito).
After 14 days, water containing PSL was replaced
with normal tap water, but food with or without
saireito was not changed throughout the series of
experiments. To examine the recovery of the HPA
axis after 0, 1, 3, 5 and 7 withdrawal days, rats in
each of the 4 groups were subdivided into 2 groups:
a stress and a nonstress group. In the stress group,
tail-pinch stress was performed for 15 sec in another
room. In tail-pinch stress, plasma ACTH levels
reached the peak level at 15 min and plateau level
at 30 min, then returned to the basal level at 60
min (Fig. 1). Therefore, in the present study, the
rats were decapitated either without stress (the
basal level) or 20 min after tail-pinch stress. All
experiments were done between 0900 h and 1100
h. Trunk blood was collected in iced tubes
containing EDTA. The plasma was separated
immediately and frozen until the time of assay.
After decapitation, the anterior pituitary gland (AP)
and median eminence (ME) were obtained as
previously described [19]. Tissues were frozen on
dry ice immediately after removal and kept frozen
at —20°C until homogenization with 0.1 N HCl as
previously reported [19]. Plasma ACTH levels were
determined with an ACTH IRMA kit (Yukamedius
Co. Ltd., Tokyo, Japan) as previously reported [20],
CRH and ACTH levels in the tissues were
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Fig.1. Time-course study on the plasma ACTH

response to tail-pinch stress in control rats.
Mean + SEM (n=6) *P<0.05 vs. basal.

determined by RIA as previously described [19,
20]. Synthetic human CRH and ACTH were
purchased from Peninsula Laboratories (Belmont,
CA). Experimental protocols and animal care were
approved by an institutional committee responsible
for animal care.

Experimental results are expressed as the mean
+ SEM. Statistical significance (P<0.05) was
determined by one-way analysis of variance with
Duncan’s multiple range test.

Results

Body weight

On withdrawal day 0, body weight was 285 + 34
g in the control group, 294 + 42 g in the group
given saireito alone, 195 + 27 g in the group given
PSL alone and 206 + 37 g in the PSL+ saireito group.
Body weight in the PSL-treated groups was
significantly lower than that in the other 2 groups.
Administration of saireito during the experiment
did not affect food or water intake or the body
weight of the rats.

Basal plasma ACTH levels

The basal level of plasma ACTH was 58 + 5 pg/
m! in the control group on withdrawal day 0, and
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was similar to that in the group given saireito alone
throughout the experimental period (Fig. 2).
Plasma ACTH levels in the two PSL-treated groups
were noticeably lower than those in the control
group on withdrawal days 0 and 1, and then
increased to the control level on day 3. In the PSL-
treated groups, the basal plasma ACTH level in
the group given PSL alone was significantly lower
than that in the group given PSL + saireito on days
Oand 1.

Plasma ACTH response to stress

The plasma ACTH responses to tail-pinch stress
were determined 20 min afterwards in all groups.
The plasma ACTH level after tail-pinch stress in
the group given saireito alone was slightly, but
not significantly, higher than that in the control
group on days 0-3 (Fig. 3). In the PSL-treated
group, low plasma ACTH levels showed only a
slight response to stress on day 0. In the group
given PSL+saireito, the plasma ACTH level after
stress increased to the control level on withdrawal
day 1, and that in the group given PSL alone
increased to the control level on day 3.

ACTH content in AP

ACTH content in the AP in the group given
saireito alone was slightly, but not significantly,
higher than that in the control group throughout
the experiment (Fig. 4). In the group given PSL +
saireito, ACTH content in the AP was much lower
than that in the control group until withdrawal
day 1 but it returned to the control level on day 3.
ACTH content in the AP in the group given PSL
alone was lower than that in the group given PSL
+ saireito on days 0-3, and returned to the control
level on day 5.

CRH content in the ME

CRH content in the ME was similar in the control
group and the group given saireito alone
throughout the experiment (Fig. 5). In the PSL-
treated groups, CRH content in the ME was
significantly lower than that in the control group
on withdrawal days 0-1. Nevertheless, CRH
content in the ME in the PSL + saireito group was
higher than that in the group given PSL alone, and
returned to the control level on day 3. CRH content
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Fig.2. Basal plasma ACTH level after PSL withdrawal. @,
control; A, saireito alone; A, saireito + PSL; O, PSL
alone. *P<0.05 vs. control. ¥¥P<0.05 vs. PSL+
saireito. Mean + SEM (n=8 in each).
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Fig.3. Plasma ACTH levels 15 min after tail-pinch stress.

@, control; A, saireito alone; A, saireito + PSL; O,
PSL alone. *P<0.05 vs. control. Mean + SEM (n=8 in
each).

in the ME in the group given PSL alone returned
to the control level on day 5.

Discussion

Activated glucocorticoid receptor (GR) acts on
transcription of glucocorticoid-response genes in
two ways. A receptor homodimer binds to
glucocorticoid response elements (GRE), interacts
with transcription factors and enhances
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Fig.4. AP ACTH levels after PSL withdrawal, @, control;

A, saireito alone; A, saireito + PSL; O, PSL alone.
*P<0.05 vs. control. Y¢P<0.05 vs. PSL + saireito.
Mean + SEM (n=8 in each).

transcription [21]. On the other hand, the activated
receptor homotrimer binds to negative GRE (nGRE)
of the target gene and represses transcription [22].
This nGRE is located in the promoter region of the
POMC gene [22] and probably of the CRH gene.
In a non-genomic effect of GR, the activated GR
binds to transcription factors (activating protein-1,
NF-kB....) and bound forms of transcription factors
cannot bind to their gene binding sites.

From these points of view, differences among
tissues in gucocorticoid action could be explained
by following: a) A different mechanism of GR
binding to GRE from GR binding to nGRE, b) The
GR target gene in peripheral tissues may not
contain nGRE, c) GR-affected transcription factors
or GR-induced proteins in peripheral tissues may
be different from those in the pituitary and in the
hypothalamus.

In previous studies, glucocorticoid treatment for
7-14 days resulted in a transient suppression of
the HPA axis that was followed by recovery after
5-9 days [9-11]. In the present study, the basal
plasma ACTH level and plasma ACTH response
to stress at 20 min recovered to the control level 3
days after PSL withdrawal in the group given PSL
alone. On the other hand, the AP ACTH and ME
CRH levels recovered to the control levels after 5
withdrawal days. The recovery of the AP ACTH
and ME CRH levels in the present study was similar
to that in previous studies [9-11]. In this study,
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Fig.5. ME CRH levels after PSL withdrawal. @, control;

A, saireito alone; A, saireito + PSL; O, PSL alone.
*P<0.05 vs. control. ¥P<0.05 vs. PSL + saireito.
Mean + SEM (n=8 in each).

because plasma ACTH levels were determined at
one point (20 min) after stress, delayed ACTH
response to stress was not detected, but such
delayed response is also a kind of inhibited
response. From this point of view, determination
of plasma ACTH at one point after stress is fairly
useful for evaluation of the HPA axis. Plasma
ACTH levels and ACTH responses to stress
recovered earlier than AP ACTH and ME CRH
levels. This supported the previous report stating
that CRH synthesis recovered earlier (after 18 h)
than POMC mRNA in the AP (after 36 h) [9], and
suggests that the pooled levels of ACTH in the AP
and those of CRH in the ME were enough to
maintain the basal level of plasma ACTH and
response to a single stimulus after 3 days. These
levels would probably not be sufficient for
responses to repeated stimuli.

Treatment with saireito enhanced the recovery
of AP ACTH and ME CRH levels in the present
study. In other words, PSL-induced suppression
of hypothalamic CRH and AP ACTH levels was
reduced by the administration of saireito at the
same time. In our previous studies, acute
administration of saireito stimulated ACTH
secretion and POMC gene expression in the AP in
rats [17]. The levels of plasma ACTH and AP
ACTH in the group given saireito alone were
slightly higher than those in the control group, but
were not statistically significant. This may be due
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to a difference between acute and chronic
administration of saireito.

Saireito-induced ACTH secretion and POMC
gene expression in the AP were completely blocked
by passive immunization of endogenous CRH with
CRH-antiserum [18]. This indicated that saireito-
induced ACTH secretion and POMC gene
expression were mediated by CRH. We recently
found that central administration of saikosaponin
(one of the main components of saiko agents)
stimulated CRH gene expression in the
paraventricular nucleus of the rat hypothalamus
[23]. The present results indicate that
administration of saireito enhanced the recover of
ME CRH levels after withdrawal. This finding and
the results of our previous studies [17, 23] suggest
that saireito acts on the hypothalamus to stimulate

CRH synthesis as well as CRH release. In addition,
saireito-induced nuclear protein may bind to GR
and reduce the inhibitory effect of glucocorticoids
in the hypothalamus.

In the present study, the administration of saireito
seemed to be useful for enhancing the recovery of
the HPA axis after treatment with glucocorticoids
or surgery in patients with Cushing’s syndrome.

Acknowledgments

This work was supported in part by a research
grant from the Japanese Ministry of Education,
Science and Culture and a research grant from
Karouji Memorial Foundation.

References

1. Grabber AL, Ney RL, Nicholson WE, Island DP,
Liddle GW (1965) Natural history of pituitary-
adrenal recovery following long-term suppression
with corticosteroids. | Clin Endocrinol Metab 25: 11—
16.

2. Livanou T, Ferriman D, James VHT (1967) Recovery
of hypothalamo-pituitary-adrenal function after
corticosteroid therapy. Lancet 2: 856-860.

3. Calogero A, Kamilaris T, Johnson EO, Tartaglia M,
Chrousos GP (1990) Recovery of the rat
hypothalamic-pituitary-adrenal axis after prolonged
treatment with dexamethasone. Endocrinology 127:
1574-1579.

4. Chowers I, Conforti N, Fellowman S (1967) Effects
of corticosterone on hypothalamic corticotropin-
releasing factor and pituitary ACTH content.
Neuroendocrinology 2: 193-199.

5. Donald RA, Espiner EA (1975) The plasma cortisol
and corticotropin response to hypoglycemia
following adrenal steroid and ACTH
administration. ] CLin Endocrinol Metab 41: 1-6.

6. Kraicer J, Gosbe JL, Benscombe SA (1973) Pars
intermedia and pars distalis: Two sites of ACTH
production in the rat hypophysis. Neuroendocrinology
111: 56-176.

7. Orth DN, Kovacs WJ, DeBold CR (1992) The
adrenal cortex. In: Wilson JD, Foster DW (eds)
William’s Textbook of Endocrinology. WB Sanders,
Philadelphia, 8489-8619.

8. Suda T, Tomori N, Sumitmo T, Nakagami Y,
Tozawa F, Ushiyama T, Demura H, Shizume K
(1987) Radioimmunoassay of corticotropin-releasing
hormone: Methodology and clinical application.

Horm Metab Res 16 (Suppl): 47-51.

9. Harbaz MS, Nicholson SA, Gillham B, Lightman
SL (1990) Stress responsiveness of hypothalamic
corticotropin-releasing factor and pituitary
proopiomelanocortin mRNAs following high dose
glucocorticoid treatment and withdrawal in the rat.
J Endocrinol 127: 407-415.

10. Marzonk HFAI, Zuydeswijk ], Uitterlinden P,
Koestsveld PV, Blijd JJ, Abou-Hashim EM,
Elkannishy MH, Jong FHD, Lamberts SWJ (1991)
Caffeine enhances the speed of the recovery of the
hypothalamo-pituitary-adrenocortical axis after
chronic prednisolone administration in the rat.
Neuroendocrinology 54: 439-446.

11. Nicholson SA, Campbell EA, Gillham B, Jones MT
(1987) Recovery of the components of the
hypothalamo-pituitary-adrenocortical axis in the rat
after chronic treatment with prednisolone. |
Endocrinol 113: 239-247.

12. Amagaya S, Umeda M, Ogihara Y (1986) Inhibitory
action of Shousaikoto and Daisaikoto (Chinese
traditional medicine) on collagen-induced platelet
aggregation and prostaglandin biosynthesis. Planta
Medica 52: 349-354.

13. Shimizu K, Amagaya S, Ogihara Y (1984)
Combination effect of Shousaikoto (Chinese
traditional medicine) and prednisolone on the anti-
inflammatory action. ] Pharmacol Dyn 7891-7899.

14. Abe H, Konishi H, Komiya H, Arichi S (1981) Effects
of saikosaponins on biological membranes;
ultrastructural studies on effects of saikosaponin-d
on the cell surface. Planta Medica 42: 356-370.

15. Abe H, Orita M, Konishi H, Arichi S (1986) Effects



74

16.

17.

18.

19.

TOZAWA et al.

of saikosaponin-d on aminonucleotide nephrosis in
rats. Eur | Pharma 120: 171-174.

Hiai S, Yokoyama H, Nagasawa T, Oura H (1981)
Stimulation of the pituitary-adrenocortical axis by
saikosaponin of Bupleuris radix. Chem Pharm Bull
29: 495-499.

Iwai I, Suda T, Tozawa F, Nakano Y, Sato Y, Ohmori
N, Sumitomo T, Yamada M, Demura H (1993)
Stimulatory effect of saireito on proopio-
melanocortin gene expression in the rat anterior
pituitary gland. Neurosci Lett 157: 37—40.

Nakano Y, Suda T, Tozawa F, Dobashi I, Sato Y,
Ohmori N, Sumitomo T, Demura H (1993) Saireito
(a Chinese herbal drug)-stimulated secretion and
synthesis of pituitary ACTH are mediated by
hypothalamic corticotropin-releasing factor.
Neurosci Lett 160: 93-95.

Suda T, Tomori N, Tozawa F, Mouri T, Demura H,
Shizume K (1984) Effect of dexamethasone on
immunoreactive corticotropin-releasing factor in the

20.

21.

22.

23.

rat median eminence and intermediate-posterior
pituitary. Endocrinology 114: 851-854.

Suda T, Tozawa F, Ushiyama T, Sumitomo T,
Yamada M, Demura H (1990) Interleukin-1
stimulates corticotropin-releasing factor gene
expression in rat hypothalamus. Endocrinology 126:
1223-1228.

Truss M, Beato M (1993) Steroid hormone receptors:
Interaction with deoxyribonucleic acid and
transcription factors. Endocr Rev 14: 459—479.
Drouin J, Sun YL, Chamberland M, Gauthier Y,
DeLA, Nemer M, Schmidt T]J (1993) Novel
glucocorticoid receptor complex with DNA element
of the hormone-repressed POMC gene. EMBO ] 12:
145-156.

Dobashi I, Tozawa F, Horiba N, Sakai Y, Sakai K,
Suda T (1995) Central administration of
saikosaponin-d increases corticotropin-releasing
factor mRNA levels in the rat hypothalamus.
Neurosci Lett 197: 235-238.



