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Abstract

Effects of Tu-Chung leaves on collapsed rats caused by long-lasting diarrhoea were in-
vestigated, as a model of a “Pi Xu Zheng” syndrome in traditional Chinese medicine. Com-
pared to the control group, the administered group (Tu-Chung leaf water extract, 30 days,
by intubation feeding) showed appreciably morpho-pharmacological changes. Increases in
body weights and feeding volumes, as well as rapid cure in diarrhea and fecal occult blood,
were observed. Relative weight of organ to body weight increased in the liver, thymus, ad-
renals, testes and small intestine, and decreased in submandibular glands. Number of
RBC, hemoglobin, hematocrit, lymphocytes and specific gravity of blood, A/G value, albumin
and g-globulin volume increased, and number of neutrophile leucocytes and a,-globulin vol-
ume decreased. In hepatocytes content of glycogen and RNA increased. In kidney, PAS
reaction was strongly positive in glomerular basement membranes and brush borders of re-
nal tubules. Alkaline and acid phosphatase activities increased in poximal tubular epithelia.
In large intestine, content of mucous proteins decreased in goblet cells on bottom of crypts
and content of RNA increased in epithelia. In small intestine, acid phosphatase activity in-
creased in absorptive epithelia, and positive Sudan black B staining decreased. Increase in
number of hepatocytes, thickening of thymus cortices and zona reticularis of adrenal cortices,
hyperplasia of small intestinal villi and seminal tubules were disclosed.

Key words animal model, Chinese medicine, crypts, Eucommia ulmoides, histochemis-
try, senna, zona reticularis

Abbreviations WE-S, water extract of senna, >+ X&#& ; O - AH-2 - SP, OLYM-
PUS - AH-2 - Spot-photometer ; WE-TC, water extract of Tu-Chung leaves, f:Af3EKk = ¥ 2
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AP I AT (Eucommia ulmoides OLIV.) D
W 2O ED LD (BE) X N
LA s &80 2 b REE TV D $ KB
FHFIFEDS SH, THOKIZFXZADT I 2 —)VEEERL
EWH L, CEBTBRO LFEEORN, S
Ma BT EhBEENTHES Y

L A — IR, REIREICL
FEET o MBE~OBE, HBHVET FRBLO
LY TS — - TTNEEY 7 T — ¥ R~DIEH
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1. FAERE

(1) 2> FXRKEBEHOHAB  1kgntrF+ ([
FEE D Cassia angustifolia VAHL. &R 12/,
WHARREgEES 5 AF) 2EEAKS51%2M2, 100C
T30, B8, REBEL, 21okEHA
(0.5g/ml) #1872, ZHKEX 2 4 CTELRE
L, EBcfEL 722"

(2 HMEAKLXZDORHE . lkgoHME (B
BB PE Fucommia ulmoides OLIV. D ERHIRENE
HEIE) MRICERAKI0L 2z, 100°CT 3wy
o, R, BIEBME SEERE% 40gaokzx
2 #1871

2, =R

Wistar R 7 v + (164—177g) % 12[CF v,
b FKBHIRGKR T BICHMMEER T X 2 25
HGEL KBRS HRTIRIIKE®REL
RXBEAL 6T oIz, BE2+ 1T, B
50—60%, 1285fA8H /125fHBE DY 4 7 VOB S
THROBERER ZH7K—1 2, MM-3) %
v, BHICKZERSCETLZ,

3. EBRFZE

1) &5

() e FXRERDLE | BRIEBRD I2HEREF
#Ml1B2L2BEICTCEY TRy
KEBZBENT v P21 H2E, £2ml$TD7
HHE, kv o, 1H2MH, £3ml3$2188/H, &
bhYTHEMEEREOREL 2,

(2) AMFEKL X2 (LIF HAEE & r&F5) ok

5 5B EERS26H Hr S MEL AR
>FH%5 7 o Fiz500mg/15ml/kg R E H D E
ATEHBE Y > T#H-EBZROKRS L2, &t
BECIRLyFHRET o FMCEFAKEL ml/kg K
E/B0EE&TEORS L, ERFEMKS6E Hicm
By 2BEL, BEBEMRERLZEZ -1,

2) ReeEz

(1) k&, K, &R, EE20FH S8
BRIz EEL 2. OKE  GHRERICEY
DEREL LTI -72, QFAE EBAF 1T
W, BRBZEH L, @KE  TERUMO - F
HiBEF (FA 28, £HE) #H\v, LMKN2.5cm
DR T15MMEL 2, QEE  HELYy—VDE
BE Il -, v—CRBLETNEZERS
gL,

(20 BEORESLIVEBOLRG  OEFEOK
e D EEME, BRE, wmFEo 3R TBIER
fRL72, OFEBME | |H, KIEKRERE, LMW
PLERYHMLUAETEOLRIGEBI X712,

3) MEO¥E | HMAERE52THE, BERHY S
0.7ml D% HE L, ML, mEFE, ~< L
7y b, MR, mEks@E, £mtbE, albu-
min ¥ & If globulin & % i~ 7,

4) BREEBIUVHLER  EBORKEIZT »
b ARTEE, BLmL 7-ft%, SESRERRGL, BOo#
AR, MEIFHEBAIIIKRE, FNFLORBRERE
PHIEL 72, F/2, KREI0g L2 DRSRILER
%Ek&)tzo,zl)

5) MEEZMREN O DIERER BT F
&, B, KB, /DR BT, 2R, WREELC
4 X 4 X 2mm DHEEIZL, 15% KL= > TR
%, BE6umn/ 57 4 YR 2R, ~<bX
vzt (HE) #6252 7w, Hk
FHRERE B I k- 72,

6) MELFEARED DD S OVEK & J
E (CEER)

(1) Frig, B, KB, MBlcBIT52DNA B L
U'RNA o | &8 % 1% Carnoy EIE N E
LO6bum D77 4 U & L 721, Feulgen X
B BrOAFAT) b= e a0
FAT-72, L 72 DNA B L U RNA DXEE
% OLYMPUS - AH-2 - spot photometer (LLTF O-
AH-2-SP :88#9 3) THEIEL 72, %7, Feul
gen LG OWE # DNA L HIET % 20,
60°C, 1NIBEETHKIERL e\ WHRIEERZE- THER
L7,

2) HRicB73 7)) a—-r>BIUKE, B
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ORI S > 727 Dk | Bk A o Carnoy HEIE
DT 7 4 K ICX L TEKEE - Schiff Kt
(PAS &) #4T - 72, PASEIGOBEHE TH
570 a—45> (), ¥y > (KRIBFE
bR, BARERENEREKES L URMAE ORI T &
FEER) DEMBWHEONEES O AH-2 - SP
TRIEL 2. £ PASUCOBEEHES 7 ) 2—
S ThH DI E R ERECRBR TR 222
(3) BRENMEIZBUHLTAANKRAT7 79—+
BlIUoBR27 72— EEoBEE | SHEBHF 2
2 % glutaraldehyde #3055 HBEIZEL, BE& 6 um
DI7VARZ POV #ERL, Burstone & k&
UBarka 5OKFFEICE D TIUA N RAT7 75—+,
Bh27 75 —LEE gL 2L
(4) W&, /N, BRBROBERDB L UEEHD
B R RO FETE -2
4, BIFEEDOHRE
T— I DOFENE L BREEL KD, (REIZLY
B RERLOEEEBREL 2,

®w R

1, — RN ZA(L
1) K& o FR50EHRTIE, KEBIUZ

oEEMFRI@BEMICAEEZIRO O N7z, L
L, HhEREG%, HAESRSHEORERRERD
HEHFTTHMBELVDEECEMNL (p<0.0D),
Fo#mEIEEICE ($<0.01, Table 1),
L D IEEMEIZED W2,

2) BRABLHEE LU FHERTNCHT b
DIBEBRIIEL L 72, HAERSHEA% 288,
L, EBORKHBEFT, HMERSHOIEA=S
(28.22~36.66 ¢, H) i3 xR 2 (21.44~32.33 ¢
JH) kL, EEEEICEINLL (p<0.01~
0.001), #&Ei3, HMERSBHGE 3EM, Mk
W58 (20.00~43.33g,78) THEE (16.66~
32.33g/H) ENEHFIHEML 22 (p<0.001),
4 BB L EmEMICEREErED LN X
7z

3) T & MEIAE | AR 545 T RIE Ao 12
%5ET, BIURENEEEIZL ST TOEEIL
AL CRMEREL D INTRL, AEEY
RSN (p<0.001, Table II), F:ihZEdk 55
b EEREB X COM 1 FCEEEE m R 1R
HEH, &L EBMEMEICT 2 F TO B
EREHTINEEL Y TN TEHL LEEEDR
LNz (p<0.05, Table II),

4) KRR HMERS R RO 3ERIZ, K

Table I Change of body weight.

Before the experiment

After WE-S

After WE-TC or W

body weight (g)

Body weight (g)

Increased rate  Body weight (g) Increased rate

Control

rotn 168.50+1.80 210.10+4.59 24.67+2.879% 357.33+6.32 69.55+1.22%
A;?gii?frEd 168.90+1.33 211.00+4.36  24.924+2.939% 377.714+4.22**  79.01+2.76%**

Annotation : DData : mean+S.E., @ "**, 1 p<0.01.

@WE-S ! Intubation feeding of a water extract of senna.
WE-TC : Intubation feeding of a water extract of Tu-Chung leaves.
W : Intubation feeding of water in the control group.

Table II Change of fecal condition.

Control group

Administered group

Days required of changing

+ * %k
diarrhoea into soft feces 2.6620.20 2.00+0.00
Days required of changing 19.66+0.75 5.3320.21%*
soft feces into normal feces
Positive times
+ *
of oceult blood 9.33+1.83 3.67+1.16
Days required of disappearance 93.67-60.20 11.67+3.69*
of occult blood
Annotation : @Data : mean+S.E, @ "#,: p<0.05 T#=**;p<0.001.
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w
WE-S WE-TC

2 ml/time/rat 3 ml/time/ rat 05 g/15 mi/kg
2 times/day 2 times/day 1 time/day sacrifice

! ! ! !

|

L? days~te- 18 days —*HL 30 days _—~|

| | | | | |

1 i T 1 1 |

0 10 20 30 40 50 55

(days)
Fig.1 Intubation feeding of water extract of senna (WE-S) and Tu-Chung

leaves (WE-TC).

W ! Intubation feeding of water in the control group.
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Fig. 2 Relative weights of organs to the body
weight in control ((J) and administered (H)
groups {%).

Data : (organ weight/body weight) X100
@*  p<0.05, *=: p<0.01, *** 1 »p<0.001.

RIIHBETCHEEENEZD LN 120, 48
Ho» ok 5 B kiE (39.20~39.567C)
IZFTEREE (38.63~30.10C) L N R (ko
(p<0.05~0.01),

2. BHRBLUEHOLES
MRS B BEBICL, FE, Bk,
29, BT, MBTERAECHEMIL (p<0.05~
0.001), BETFIRTIZFEEBICHEPI L2 (p<0.001),
Ly LE, KB 8k BE §E GGE R
BISEH, REEERR, aiailR, B, BN, BERIEN, B
RIMER Ry, TRIEHECHMEMICAEEITDH L
P - 72 (Fig. 2, Table I},

3. &R

1) ML | RS HoRnEkE, @
&, ~vb 70y ME, Vo ERBUINEELD
HEICEML (p<0.001), iFdEkE, K& MDER
#, N/LiFEZEICELSL (p<0.01~0.001), iE
T L Tv/z, —F, HnEREE, BL0
MR, FESEK, BEROFIZ, MEETHEENR
B ST -7z (Table IV-A),

2) WHEROLTISE | MR IER 5B 5 EIER

Table III Weight of adipose tissue in the control
and administered groups (g).

Spermatic

Adipose capsules

funicules Mesocolon of both kidneys
Control 1.40+0.10 1.04+0.16 1.98+0.28
group
Administered 1.5540.09 1.3540.07 2.19+0.21
group

Annotation | DData | The ratio of adipose tissue to body weight
= (absolute weight/body weight) %.

@mean+S.E.
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BEB LU 3 BBk EII BB L VB EICEY
L, E¥MEECITEL Tw2 (p<0.01), —7,
PRIEER, 2 0Bk, 4S5 EIRERIImENICEE
EhRDHLNLH -7 (Table IV-B),

3) MBAELFENEN AMEREHD a,-
globulin (2 xR#E L V{ET L EEMEICICEL,
{h3EHR S5 B4 Ik E, albumin/globulin kb,
albumin, B-globulin ZNEEEICH L, AEIZHM
L 724" (p<0.01~0.001, Table IV-C), &Itk
&, albumin/globulin , albumin (ZiE# & ) 1K
¢, B-globulin [FIEE L D &EH -7,

4, HEEMLEME L URESRAR

1) Feulgen K&z £ 2 DNA B0 RIEFHEE | i
NG, BRRME LR MR, KBRLERE T AT MR
28175 DNA Bi, MiEMicEEEr@oon:
»~ 72 (Table IV),

2) AFNTY) =2 -V iE|z L5 RNA
BORERSS AP ESLS BN, KBEEE
B RIR & LD R RS, N REIRRE bR MR
BT RNASIIMEELVEEIIEMNL L (<
0.001, p<0.01, p<0.05 p<0.05 Fig. 3,
Table V), FRME LEMIZIZHT 2 RNA &2
MBI EEEIEDLNLH - 12,

3) Wi, B, KBiIcB2 PAS KGHEY
 (7)a—rrBLUMRES 7)) ORIER
B HMERSENFMRICIBTE ) 2—5 2D
ZTHEENBRELIVAEZIIEML (p<0.001, Fig
4-A, B, Table V), thihZER SN E RBREKNE
EEME S L O RS FE OB Tk & REBIC BT
% PAS RIEOEIIABE L DETICEEL (p<
0.05, p<0.001, Fig. 4-C, D, Table V), %7k
BrEORERITORMIZIC BT 2m S > 2

Table IV Blood and serological examinations.

A. Blood cell counts.

Control group Administered group

Red blood cells (X 10*/mm?)
White blood corpuscles (X 10*/mm?)
Hemoglobin (g%)
Hematocrit (%)

Blood platelets (X 10*/mm?)
Neutrophile leucocytes (%)
Eosinophile leucocytes (%)
Lymphocytes (%)
Monocytes (%)
Reticulocytes (%)

N/L

523.33+1.11 785.6614.34***
1.498+0.11 1.49610.03
12.86+£0.24 15.50+0.12***
37.66+0.16 43.10£0.33***
109.35+3.67 116.16+4.63
34.66+0.91 21.66+3.08**
0.33£0.21 0.33%+0.20
60.00+0.72 75.33£2.91***
3.66+0.21 2.66+0.21
96.00£0.36 87.00%3.92***
0.57+0.02 0.29+0.05*

B. Cell counts of neutrophile leucocytes (%).

Control group Administered group

Stab form leucocytes
Segmented leucocytes
2 segments
3 segments
4 segments

4.661£0.41 3.33%x0.83
30.00+0.95 18.33£2.43 **
16.66+1.99 11.00+1.66
9.33+1.04 5.00x0.36**
2.00£0.95 2.33x0.41

C. Specific gravity of blood and graduated protein of serum (%).

Control group Administered group

Specific gravity of blood
Albumin/Globulin
Albumin

a,;-Globulin

a,~Globulin

B-Globulin

v-Globulin

1.05540.0001 1.057+0.0001**

0.84+0.04 1.09+0.05**

43.13+0.41 51.96+1.26***

17.13+1.02 15.76£0.65

23.76+0.62 16.36+1.29***

13.30+0.36 15.90+0.53**
0 0

Data : mean-=S.E,, ** : p<0.01, *** . p<0.001.




I 2 RE KT 9 5 185

Fig. 3 Staining of methyl green - pyronin : in-
creased staining in hepatic cells (above) and
epithelia of the large intestine (below) in the
administered group (B, D) compared with con-
trol group (A, C).

Fig. 4 PAS reaction . increased staining in he-
patic cells (above), and on glomerular basement
membranes and brush borders of renal tubules
(below) in the administered group (B, D) com-
pared with control group (A, C).

Table V. Histochemical analysis in the control and administered groups with a spot-photometer.
Optical intensity

Staining methods Localization in organs Control Administered
group group
Feulgen’s DNA in hepa:tic cells ] ) 6.88+0.05 6.83+0.02
reacrion DNA in prox1ma} tub_ular epithelia ) ) 6.46+0.04 6.41+0.03
DNA in crypt epithelia of the large intestine 6.15+0.14 6.1710.09
RNA in hepatic cells 11.11+0.14 13.77£0.13***
RNA in renal tubular epithelia 9.28+0.08 9.2240.001

RNA in epithelia on the surface
of the crypts of the large intestine 16.39+0.18 18.2540.47**
RNA in epithelia on the bottom

Methyl green
* pyronin

of the crypts of the large intestine 16.50+0.14 20.29+1.22*
RNA in epithelia of the small intestine 1.08x+1.18 1.18%+0.03*
Glycogen in hepatic cells 1.98+0.01 2.100.01***
Mucous protein of glomerular basement membranes 8.94%0.12 9.47+0.14*
Mucous protein of brush borders of renal tubular epithelia 1.34+0.004 1.46+0.01***
PAS reaction Mucous protein of goblet cells on the surface
of the crypts of the large intestine 51.15+1.23 47.27+1.61
Mucous protein of goblet cells on the bottom
of the crypts of the large intestine 13.26+0.02 11.87+0.17**
Reaction of Brush borders of proximal tubular epithelia 53.88+6.83 91.48+0.56**
alkaline phosphatase  Brush borders of small intestinal absorptive cells 32.71x£4.50 35.31+3.97
Reaction of Epithelia of proximal convoluted tubules 1.83+0.05 2.67+£0.08**
acid phosphatase Absorptive cells of the small intestine 31.56+1.03 45.15+2.35%**
Hepatic cells 5.26+0.33 5.17+£0.33
Sudan black B Absorptive cells of small intestinal villi 10.47+0.81 3.95+0.23***
Basal striations of renal tubular epithelia 9.20+0.95 5.95+0.24**

Annotation . MData of optical intensity, mean*+SE., @ %, p<0.05, "**,:p<0.01, "*x*;:p<0.001
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BIIMEEL O FEICHDL Tz (p<0.01,
Fig. 5-A, B, Table V), FE&E&ERIBOMHMIL T2
HHEICEBEEVRO LN LD - 72,

4) BREBIONNBIIBITATNLAYKRAT 7S
—EEEOHEAR P EREFOBIRMEE LK
WIEOR TR BIT2 T A Y R A7 77— iEE
BNBECLLCHEICHMEL 22, (p<0.01,
Fig.5-C, D, Table V), /NBHEHED ERMIET
(3, MEBICEEERD LN LD - 72,

5) Big, NBIZBITAEERR T 7 8 —iEHED
BIEAER  HMPEREHOBRME LEB L0/
HESED FEMIICBIT2BE R R T 7§ — BB
BBELDABICHEL TWEZ 2B LN
(p<0.001, p<0.001, Fig. 6, Table V),

6) &, /N5, B2 31+ % Sudan black B

Fig. 5 PAS reaction (above) : decrease of posi-
tive goblet cells of large intestine in the admin-
istered group (B) compared with control group
(A).

Reaction of alkaline phosphatase (below) :
increased staining on brush borders of proxi-
mal tubular epithelia in the administered group
(D) compared with control group (C).

Qe DFEE  FFAEIEIIC 51T 2 BRSO & A B I3
BOBICHEADED S Nt - 2. HANEEE 5
DNBREIESEED R AT EERIGIIBE LY
BEHIZTHL -7 (p<0.001, Fig. 7-A, B, Table
V), FHNZER 530 BB LR MO BER 4
(2 bar FNToELahmER» o) OFED
EERIGIIMBREL DEEICH, -2 (p<0.01,
Fig. 7-C, D, Table V),

7) EulE B AESFEL

(1) FRTIE, AEHGESR5ER S Tabn
72 &5 R 5RO BT RIS /AL, BB
DAL, —ERBN (X400) DR T
I EER S B (21.6610.67) (IXTHREE (18.83+
0.75) L D HF ML (p<0.05), fthih#ERS
BEFMIEO K E 20 FHE (18.9340.25) (3 5f

Fig. 6 Reaction of acid phosphatase . increased
staining in epithelia of proximal convoluted tu-
bules (above) and absorptive cells of the small
intestine (below) in the administered group (B,
D) compared with control group (A, C).
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Fig. 7 Reaction of Sudan black b . decreased
staining in absorptive cells of small intestinal
villi (above) and basal striation (arrow) of renal
tubular epithelia (below) in the administered
groups (B, D) compared with control group (A,
C).

Fig. 8 Histological changes of the adrenal cor-
tices in the control (A) and administered (B)
groups. H.E. stain.

(C) : cortex, (M) . medulla, ZG . zona glomer-
ulosa, ZF : zona fasciculata, ZR : zona reticu-
laris.

Table VI Thickness of adrenal cortices in control and administered groups (10 gm).

Zona Zona Zona 1 N
Cortex glomerulosa  fasciculata reticularis %2 Medulla  Cortex/% Medulla
C;:Ot;gl 91.00%£3.65 4.83+0.16 71.16+£3.69 14.83+1.13 34.83+2.98 2.67+0.17
Agdrr(‘;;‘;‘“ered 91.83+5.5. 4.33+0.33  60.66+5.01  26.66-£1.51*** 40.33+2.62 2.34+0.25

Annotation : Data : mean+S.E,, *** | p<0.001.

BEEE (20.87+£0.55) LOFEZIz B o702 (p<
0.05),

(2) BT IRBEC e L AL SR 5B T R
EF LEORBEEEEL T,

(3) HABIEL S HEO KIS TIHEIE L > 5 TA
Lz U AMEREE R 3k L Tne s,
KBRS 2 b 41 B RETE OB H 5700 & KR4 AR B )
B (60% LA b % Beh D) IFARERSETH TR
LA L Ty,

() ANBTIERBEBE (508.30£26.39 xm) (2L

FAHSEIL 5B (840.00+60.07 um) THRELAIMEE
LTwiz (p<0.001),

(5) BUE CIIALI IR 5RO K ERRE O X
MEBELDEZICEMNL T2y (p<0.05 Fig.
8, Table VD), gifal-t> +#5 T LN FEFER
BOE s onn ™ 12, HERSETIIERIEIC
Pl > Tz,

(6) LALTII AT BB Ho U AL B 5.3 CREAE
NDEMIER & ¥ THERIGED % 5N, RIS Tl
EL B CROBE S Z LN,
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(7 Mg TiartEREE (418.33+37.46 um) IZHL
FADIER G5B (778.33+£70.74 um) THRENRMD M
& LIz (p<0.01),

z =

2 IAMEAL X AN EREW T NER
F, FEERSY BRI BT 2 ERI(L
SEALIC DOV TEEL Twsy O 4mE, £ Fi
Bl ARBRES o b kI 2% 1
7 AMHEE LT, BhEOT(Ls & CEREOFE
FRB & UCHBILERE 21T - 72,

1. —RENZ(L

1) K& BRDZ L hh s EBRE DR
BT, MEMICAES L ZORIMECIIEES
1238 5 U7 At PR S BAMATS, HPERS
BEORE I AFREE L 0 R s L 72, EBROE
#H TIPS SRR R I BE L ) A H I
mL, ZoMMRLAECSELRLE (&<
0.01), ZAUFHABTERE S X 2 IELIRILERE D T
#, BEEOMN, RESEOMMICEEL TV
ynEeBbins,

2) BABLHE  vLHBEES, T FOER
BUIEZCROT 5 AR 5% 2 BE S L,
EBROBHE $ CHMEL S BOBAR SRS
NEZICHEIL 2, T2 i ARMEE
RokhbborBbns, HMELREED2 BH
o, BREOEMCIS>NTEELEML 2, Lr
L 4B IIBRR ML L, BRICIHF
DA LT, TREICAEEEIES LY
(o te, TAUISILIRIESAE I L, Af° L
SRR S NBRIC T » 72 b EE 2 LD,

3) FTHIEHGME v EERSICE DB AR
TEANBEEL T PO FHIMME, EE RS
i3, FLAPEERR S, HMELSHECIMBERINA
FICE(, EEL72, ZAGIIHMEREIC L5
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