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Abstract : Cordyceps is a fungus used as a traditional medicine in China, Japan, and Korea. Paecilomyces (P)
Japonica is a new cordyceps that was recently cultivated on silkworm pupae in Korea. The present study evaluated
the toxicological effects of P. japonica in rats. Forty rats were treated with oral doses of P. japonica (0, 20, 100,
or 500 mg/kg/day) for 4 weeks. Twenty additional rats were treated with 0 or 500 mg/kg/day of P. japonica for
4 weeks and then maintained for 2 weeks without treatment. Clinical signs, body weight, food and water consumption,
and organ weight as well as hematology, serum biochemistry, and histopathology data were examined. Body weight
gain of the group treated with 500 mg/kg/day was significantly reduced. Microscopically, karyomegaly, single cell
necrosis, and mitosis were observed in the renal tubular epithelium of all treated groups. In conclusion, P. japonica
caused a reduction of body weight and renal injury in rats. The no observed adverse effect level (NOAEL) of P
Japonica was less than 20 mg/kg/day.

Keywords : body weight, karyomegaly, Paecilomyces japonica, rat, renal toxicity

M =2 FE51xe] oA B3l Cordyceps sinensisE 3 g/kg
o] FEE Yo} o NLTF vhE BT A] o)A
TEotRe 25 V1A SR7F vk 25l et o] AFEA] FhoH, A= SHg Aow B
olF 7|1FE AHHAYG IAHE FAshs FEHAle dF ol At} [29]. L&y o] Hol| P japonicas VIES 5%
olH, 2% ol¢o HAFE, ¥, ALeAES] TANE 7] alx0] 5438H YFE7e mHIgE Agelth
gt [10]. ZHEFE S5ollA QA9 24E Hele & AP FellM Q1F Wi e P japonica®] WHEF
2] Hloko g 1Aglom, Tt el a5l & 7h Aol wXl= dE= @Rlsk] flE) HA=E o]8-at 4
HAAA A2 FSRE A7)7F FoRA AL At FFskEe T+ R & gog) dolisel, We| x| HAaL T
FRAESEE cordycepin?t L %A, cordycepic acid, S AAE T
ergosterol, polysaccharides, nucleosides &°] <&## Ut
[28]. NN = Paecilomyces (P.) japonica AFAIL] ¥ N2 o gk
o] st =L Ak 2 AolA P japonica
= g, wAES), 9=, FEY L, ks 5o ook AESE
sk e %] e AeE BAEI T} [12, 22]. CR)EFRM =AM FAEF Foll FFsR(EP
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TC(total cholesterol), TB(total bilirubin), TP(total protein),
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Fig. 1. Mean body weights of rats treated with Paecilomyces
(P) japonica for 4weeks or 4 weeks and 2 weeks of recovery.
*4-Week treatment groups. °4-Week treatment and 2-week
recovery groups. ~Significantly different from the control (p <
0.05). 'Significantly different from the control (p <0.01).
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Fig. 2. Food consumption of rats treated with P. japonica for
4 weeks or 4 weeks and 2 weeks of recovery. *4-Week
treatment groups. *4-Week treatment and 2-week recovery
groups. ‘Significantly different from the control (p <0.05).
“Significantly different from the control (p <0.01).
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Fig. 3. Water consumption of rats treated with P. japonica for
4 weeks or 4 weeks and 2 weeks of recovery. *4-Week
treatment groups. °4-Week treatment and 2-week recovery
groups. ‘Significantly different from the control (p <0.05).
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Table 1. Hematological values of male rats treated orally with P. japonica for 4 weeks or 4 weeks and 2 weeks of recovery

4-week treatment & 2-week recovery

4-week treatment (n = 10) (n=10)

Item

0 mg/kg 20 mg/kg 100 mg/kg 500 mg/kg 0 mg/kg 500 mg/kg
WBC (10°/uL) 13.8+3.6 128+2.5 123+2.38 13.2+3.9 148+4.38 124 +4.1
Neutrophil 1.02+£0.30 1.32+£0.49 1.18£0.36 1.23 £0.46 191 £1.21 1.43£0.71
Eosinophil 0.07 £ 0.08 0.08 £0.13 0.12£0.15 0.04 £ 0.08 0.11£0.14 0.06 = 0.09
Basophil 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
Lymphocyte 127+34 114£2.6 11.0+25 11.9+£3.7 128+3.9 10.8£3.9
Monocyte 0.0 £0.00 0.00 = 0.00 0.01£0.04 0.02 £ 0.05 0.02 £ 0.06 0.04 £0.07
RBC (10%uL) 7.49 £0.11 7.67£0.29 7.68 £0.33 7.81£0.37 7.36 £0.26 7.27£0.40
Hb (g/dl) 15.6+04 15.6+0.5 156+04 158+ 0.6 149+0.5 145+0.6
Hct (%) 465+ 1.0 46.7£1.9 46.8+1.2 473+£23 432+1.6 424+£2.0
MCV (fL) 62.1+14 608+ 1.2 61.0+1.7 605+ 14 58.7+£0.8 583+ 1.1
MCH (pg) 20.8+0.7 203+0.5 20.3+0.6 202+04 202104 20.0+0.5
MCHC (g/dL) 33.4£0.7 33.4£05 333£04 33.4£0.5 344£0.5 343£0.5
PLT (10°/uL) 1,001 + 76 1,042 + 80 1,035 + 66 1,030 + 78 953 £ 74 916 £ 105

WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, Hct: hematocrit, MCV: mean cell volume, MCH: mean cell
hemoglobin, MCHC: mean cell hemoglobin concentration, PLT: platelet. Values are expressed as mean + SD.

Table 2. Serum biochemical values of male rats treated orally with P. japonica for 4 weeks or 4 weeks and 2 weeks of recovery

4-week treatment & 2-week recovery

tem 4-week treatment (n = 10) (n=10)

0 mg/kg 20 mg/kg 100 mg/kg 500 mg/kg 0 mg/kg 500 mg/kg
AST (IU/L) 106.1 £24.1 115.3+294 117.5+38.2 114.7 £ 49.6 92.4+239 102.5+30.3
ALT (IU/L) 48.5+9.7 59.8+16.7 55.0+15.3 59.5+21.6 68.6+9.3 702 +8.2
ALP (211U/L) 421.7+68.6 549.1 + 160.6 4189+ 136.6 446.3 £ 123.1 455.8 £ 108.0 4282 +143.7
BUN (mg/dL) 19.5+2.7 243+ 18.6 179+ 5.6 18.8+3.6 213+27 21.8+1.2
CRE (mg/dL) 0.51+0.08 0.51+0.19 0.78 +£0.24" 0.71+0.12" 0.50 + 0.08 0.71+0.15"
GLU (mg/dL) 142.1+15.6 163.0 +48.7 149.1 +52.2 147.5+28.3 161.1 +28.1 1523 +14.7
TC (mg/dL) 103.3 £16.5 110.5+34.6 103.6 £35.5 96.8 +25.9 103.6 + 23.1 103.8+8.3
TB (mg/dL) 0.07 £0.02 0.07+£0.03 0.07 £ 0.02 0.06 £ 0.02 0.06 + 0.01 0.06 + 0.01
TP (g/dL) 6.09 +0.20 6.79 +2.09 640+ 1.75 641 +1.17 6.35+0.56 6.50+0.35
ALB (g/dL) 428 +£0.09 4.53+£0.92 438+0.84 443 +0.58 427+0.27 430+0.14
CPK (IU/L) 338.4+143.2 3559+ 123.7 372.0 +134.7 352.3+202.3 227.7+106.5 262.8 £ 150.7
TG (mg/dL) 89.0+26.4 92.9+29.0 94.1+£25.6 72.6 182 186.5+27.7 204.3 £ 30.6
Ca (mg/dL) 10.49 + 0.58 11.42 +3.31 10.72 + 3.04 10.66 +2.09 10.14 £ 0.82 10.25+0.57
IP (mg/dL) 8.98+0.73 9.78 £2.80 9.11 £2.51 9.48 £2.35 7.69 +1.02 7.95+0.52
PL-E (mg/dL) 161.8+21.5 172.3+49.2 162.9 +46.6 150.6 £31.6 193.3 £34.0 201.7+£12.6
A/G 2.38+0.14 2.354+0.80 247 +0.81 2.32+0.31 2.08 +0.25 1.98+0.19
Na (mmol/L) 1440+ 1.2 1435+ 11.5 142.0 £ 8.6 1422 +7.6 145.0+4.2 1434+ 1.6
K (mmol/L) 520+0.33 4.94 +0.49 4.93+0.33 5.07+1.05 538+ 1.10 5.02+0.19
CI (mmol/L) 102.6 +2.7 102.1 £8.2 1023 +£5.9 103.3+4.9 103.0+ 3.9 1041+ 1.8

AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, BUN: blood urea nitrogen, CREA:
creatinine, GLU: glucose, TC: total cholesterol, TB: total bilirubin, TP: total protein, ALB: albumin, CPK: creatine phosphokinase,
TG: triglyceride, Ca: calcium, IP: inorganic phosphorus, PL-E: phospholipid, A/G: albumin/globulin ratio, Na: sodium, K: potassium,
Cl: chloride. Values are expressed as mean + SD. *Significantly different from the control (p < 0.05). "Significantly different from the
control (p <0.01).
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Table 3. Absolute organ weights of male rats treated orally with P. japonia for 4 weeks or 4 weeks and 2 weeks of recovery

4-week treatment (n = 10) 4-week treatment & 2-week recovery

Item (n=10)

0 mg/kg 20 mg/kg 100 mg/kg 500 mg/kg 0 mg/kg 500 mg/kg
Body weight 3435+ 189 3333+ 18.7 3289+21.2 313.0+ 14.17 399.4 £33.9 368.6 £ 34.5
Brain 1.96 £ 0.06 1.95+£0.09 1.94 £0.09 1.96 £ 0.07 2.04 £0.09 1.98 £0.08
Hypophysis 0.010 £ 0.001 0.010 £ 0.002 0.010 + 0.001 0.010 £ 0.001 0.010 £ 0.002 0.010 £ 0.001
Liver 10.83 £1.07 10.80 £ 0.98 1028 £ 1.14 9.66 £ 1.00 16.02 = 1.84 15.12£1.56
Spleen 0.62 £0.07 0.62 £0.07 0.59+£0.05 0.57£0.07 0.68£0.10 0.65 £ 0.06
Heart 1.27£0.07 1.18£0.15 1.14+0.12° 1.08 +0.117 1.31£0.13 1.27£0.13
Prostate 0.48 £0.06 0.44 £0.08 0.55+0.28 0.43 £0.09 05+0.14 0.56+£0.12
Lung 1.41+0.12 1.46 +0.18 1.32+£0.36 1.37+0.11 1.57£0.22 1.61£0.10
Thymus 0.53+£0.10 0.62+0.16 0.58£0.10 0.54 £0.11 0.61+£0.14 0.50+0.19
Salivary gland 0.68 £ 0.03 0.62£0.07 0.66 £ 0.06 0.63 £0.05 0.71£0.04 0.74 £ 0.06
Adrenal glands 0.06 £ 0.01 0.05+0.01 0.05£0.01 0.06 £0.01 0.05+0.01 0.06 +0.01
Kidneys 244 £0.19 2.37+0.21 233+£0.24 2.25+0.20 2.82+£0.36 2.65+0.36
Testes 3.05+£0.24 3.07+£0.28 3.07+£0.21 2.89+£0.23 3.15+£0.23 324+0.16
Thyroid glands 0.02 £0.00 0.02 £ 0.00 0.02 £0.00 0.02 £0.00 0.02+0.01 0.03 +£0.01

Values are expressed as mean = SD (g). *Significantly different from the control (p < 0.05). **Significantly different from the control
(p<0.01)

Table 4. Relative organ weights of male rats treated orally with P. japonica for 4 weeks or 4 weeks and 2 weeks of recovery

4-week treatment (n = 10) 4-week treatment & 2-week recovery

Item (n=10)
0 mg/kg 20 mg/kg 100 mg/kg 500 mg/kg 0 mg/kg 500 mg/kg
Brain 0.57+£0.03 0.59+£0.04 0.59£0.05 0.63 +0.02" 0.51£0.05 0.54£0.04
Hypophysis 0.003 + 0.001 0.003 £ 0.001 0.003 £0.001  0.003 + 0.0003 0.003 £ 0.001 0.003 £ 0.001
Liver 3.15+£0.22 3.24+£0.20 3.15+£0.46 3.09+£0.30 4.01£0.31 4.11+£0.26
Spleen 0.18£0.02 0.19£0.02 0.18£0.02 0.18£0.02 0.17£0.02 0.18£0.01
Heart 0.37+0.03 0.35£0.04 0.35+0.05 0.35+0.04 0.33£0.05 0.34£0.03
Prostate 0.14£0.02 0.13£0.02 0.17£0.10 0.14£0.03 0.13£0.03 0.16 £0.04
Lung 0.41£0.04 0.44 £0.07 0.40£0.10 0.44 £0.04 0.40 £ 0.07 0.44 £0.05
Thymus 0.15+£0.02 0.19+£0.05 0.18£0.03 0.17£0.04 0.15£0.04 0.13£0.05
Salivary gland 0.20 £ 0.02 0.19£0.02 0.20£0.02 0.20£0.01 0.18 £0.02 0.20 +0.02"
Adrenal glands 0.02 £ 0.00 0.02 £ 0.00 0.02 £ 0.00 0.02 £ 0.00 0.01 £0.00 0.02 £0.00
Kidneys 0.71£0.04 0.71 £0.06 0.71£0.07 0.72 £ 0.06 0.71£0.06 0.72 £ 0.05
Testes 0.89 £ 0.07 0.92 +£0.08 0.93 £ 0.06 0.93 +£0.08 0.80 £ 0.09 0.89 +0.09"
Thyroid glands 0.01 £0.00 0.01 £0.00 0.01 £0.00 0.01 £0.00 0.01 £0.00 0.01 £0.00

Values are expressed as means = SD (% body weight). “Significantly different from the control (p <0.05). “*Significantly different
from the control (» <0.01).

Table 5. Summary of histopathological findings in the kidney of male rats treated orally with P. japonica for 4 weeks or 4 weeks
and 2 weeks recovery

4-week treatment 4-week treatment & 2-week recovery
0 mg/kg 20 mg/kg 100 mg/kg 500 mg/kg 0 mg/kg 500 mg/kg
(n =10) (n =10) (n=10) (n =10) (n=10) (n =10)

— + - A A — -+ A -+ -+
Karyomegaly m-- - 64 - - =217 1 - -2 8 00-- - - -4 6
Mitosis 09-- - --6 4 - -2 8 - -2 8 0w-- - 91 - -
Single cell necrosis 10 - - - 2 8 - - -8 2 - - 3 6 1 00-- - 82 - -

—: no change, +: minimal change, ++: mild change, +++: moderate change. Values are expressed as numbers of animals with each findings.
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Fig. 4. Kidney of rat treated with P. japonica for 4 weeks. (A)
Control. (B) 20 mg/kg group. Renal tubules show single cell
necrosis (inset) and mitosis of tubular cells. (C) 100 mg/kg
group. Renal tubules show single cell necrosis, mitosis (inset),
and karyomegaly of tubular cells. (D) 500 mg/kg group. Renal
tubules show single cell necrosis, mitosis, and karyomegaly
(inset) of tubular cells. H&E stain, Scale Bar =100 pm.
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Fig. 5. Kidney of rat treated with P. japonica for 4 weeks and
2 weeks of recovery group. (A) Control. (B) Renal tubular
cells show karyomegaly (arrow) and single cell necrosis with
picknotic nuclei (inset). H&E stain, Scale Bar = 100 um.
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A9 [0 e = AR SA5H] oo= gle sle
2 v gz ets dabdah, Aol A E AL,
FAREE S B karyomegaly7} <9154 oA oA
2= ol WHe AT} A Foexd uet
7V, P japonica®ll |3 QIR A7IET) 45+ F
o] § 27 JEN T DAEIAS}E FAREES AATH
Z2AS BT karyomegaly T3 7]9) w0l lo]
FAZeRe Btk w2954 AT A e veRd
He A|gEZ ] FoSro 3|y o7 FAutdc)
2] W 20 mgkg FolollAE SAIEAALS} AL
o] AT 100 T 500 mgkg Foldolds &
MEZAL, FAREEd 9D karyomegaly”} HHEE AL, 53
karyomegaly= 500 mg/kg FoitellA] @A eHA H2= AT
ol FAREYE Fo karyomegaly’} F3Es Aoz Ty
H, AR oAISE D #A-Eo] S Ao=E Azkwict
[9, 11]. ¥ A3l karyomegalys thES A|9)3 RE
FojFol|A TS TE Karyomegaly= lead, bismush,
cytomegalovirus, "WAFA X E, &-FAHE LA, ochratoxin,

homogenate of penicillium aurantiogriseum} penicillium

o o
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verrucosum var cyclopium, aflatoxin % o-protein 5ol 2]

& A=A AL BaEe] 9lom [1-3, 13,
14, 16-18, 23, 26, 27], 2 o= B35 737, t}
ol A, o] X, F5E 44 2 SARYAE
7RRILE [19]. & AlFM T fFARE FEieHE HelsE Hol
karyomegaly”} #+2=] 21T}, Karyomegaly®] e 5=t
At A A7FAEL AEHs Aol e B
BTt [4, 5] ey obF] FYe] #EEe =
Joh. B AJ"oA karyomegalye A2} DA #Hol

O

Ao Azke olse] Aeke S48t ojole} Mot
S Rol jalnE 31491 A7k Baw Aow 47

i o X0 ¥

H
o
2 ANEANX P japonica®ll ©1gt TAIEZAAL, FAREES
2 karyomegaly= outer medulla®] outer stripeol] Ex5h=
SR Selol g Eo] AEEHAT SHPle XA
o ZosAde] o oo vl tre] £RYF
7Pk, IRIskAA W Al nEZEE oS TG
o1, glucose, amino acids, ketone bodies, pyruvate, lactate
4! short-chain fatty acids’} U EE AYS 53l o|x{oz
A&4 FH+= o]t [20]. Mercuric chloride, cadmium
chloride, cis-platinum, cyclosporin %! cysteine 53 7
AFEAREAES S, ool A NESES FLshA
U 5188 53 o] AR MEEGS FEsle o= g
AT}k [7, 8, 15, 21, 24]. ¥ APl AMLE P japonica
e I gAREER ol EAI AR 71 e o
HAA & 710 R S99 ezl IS vX=
Aoz e

olide] AE Fjste] E w R=ol P japonicas 45
HHEfRo] A AlFF7HE oAt A1 S rAl= A
< ¢ T UM =3 HAFER] 20 mgkgelAE A7
WrHo] #zkEo] B APz FEEFNOAELKS 20
mgkg U|THeE AYZHET)

o

#Ale| 2

o] RS 2010d% AR (@SR APoR AR
the] x9S o} =aE 712 ATARY (2010-0011450) ALt}
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