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i 2 DU AL K BRONSRIGN 5, I B LR SR, TR ST S R R v Ak, R AL s R0
KR EIEE W SR R R KR B . SEI (i 64 RTsL R OMERERF) |, BEHL o TRAL . &4l
RFIEAMERELL, 2 RIEEL-FE R0, 50, 200, 400 mg/ (kg d) (LMAFE, FRD . #1445
RAEIF RN, R &SR A B ORI J P R A = B i, S5 RRW: L- R R 1 7 WAl KR i H
WA . KRR & A SATIE R AP E FEER (Gly. Ser. Ala. Met. His. Val. Pro. Asp. Asn. Glu. GIn) z{3if
PEAEEEERR (Thry Tley Phe, Tyr) & E. SXHBAMLIL, BN FTE O TR L 2BV FAER T BT
200 mg/ (kg « d) L-ZREMAFH L ERE (P<0.05) . IMiFEHRKZHEAIR S FEA400mg/ (kg + d) L-ZXART)
BAMY R FE L (P<0.05) . L-FEBEZFWM (P<0.05) MEMHNRESTGInKEE, M sEL-FaRiE
BB MEREE (P<<0.001) o FUCUEHA, L-ZR%R AE 05 (L 3k K RO ARG BE MR A WRUSC, 52 1 IfL 37 B JHF T Hp S 1
HE, AN RKRMNEKRS. b, L-AFEER T INGInMGlud & i (e ma e, sl 25 K AL
M.

RPER: LIRAMR: KR AERS: miE:

Effect of L-Theanine on Serum and Liver Amino Acid Compositions in Weaning Rats

TONG Haiou'?, LI Chengjian', YAN Qiongxianz'*, TAN Zhiliang”, HAN Xuefeng™
(1. College of Horticulture and Landscape, Hunan Agricultural University, Changsha 410128, China; 2. Key Laboratory of
Agricultural Ecological Engineering in Hunan Province, Key Laboratory of Agro-Ecological Processes in Subtropical Region, Institute
of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China; 3. Hunan Collaborative Innovation Center for

Utilization of Functional Ingredients from Botanicals, Hunan Agricultural University, Changsha 410128, China)

Abstract: In order to investigate the effect of L-theanine on amino acid (AA) metabolism, growth and development of rats,
weaning rats were administered with L-theanine solution to determine changes in AA compositions in serum and liver.
Sixty-four healthy SD rats with half males and females were randomly divided into 4 groups, which were administered with
L-theanine at the dosages of 0, 50, 200 and 400 mg/(kg-d), respectively. On the 15" day of the experiment, all rats were
sacrificed after 24 h fasting to collect serum and liver for measurement of free AA and ammonia by an AA analyzer. The
results showed that L-theanine increased the daily weight gain, final body weight and glucogenic AAs (Gly, Ser, Ala, Met,
His, Val, Pro, Asp, Asn, Glu and Gln) or facultative glucogenic AAs (Thr, Ile, Phe and Tyr) in the liver of rats. Compared
with the control group, the contents of total essential AAs and some nonessential AAs in the liver of rats administered with
200 mg/(kg-d) L-theanine were increased significantly, and the contents of most AAs in serum were decreased significantly.
L-theanine significantly elevated the concentration of Glu in serum and liver, and the content of ammonia decreased
linearly with L-theanine dose. All results indicated that L-theanine could promote the absorption of dietary AAs, affect AA
concentrations in serum and liver and regulate the growth and development of rats. Meanwhile, L-theanine could increase
Glu concentration and subsequently promote the emission of ammonia to alleviate its harm to the organism.
Key words: L-theanine; rat; amino acid composition; serum; liver
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KRR, WBARy- &M, 57 8CHNO;,
RARKIRAHLAL . T J2 i SakatoBff 5T K 5% Z I B IR0 &8
Y I — R BT A S 0 FE R U S A R, Y
ETFR B MRS EY P MEAE, HhEsed
R EIA2%" . Bl A L-A%E R A T T R AN ZE 25 0 1 1 R
W, L-FEFRZEHN AR T BT R &Rk
SR AL T 240k

HHT, STL-ZE BRI 7 3 E0 T Hsiicdz 0,
P praw, g U Bt bt
PRI S B A U SRR B E R, MR T LR
TR VA 4% BN VLA B SR 5 Wi AR 5 T BB 9 A R
Ao ARNARBITF R LN, L-ZRR R A S/ A R
ARG AL FH AN R (035 1 5% 32 R A SO e,
58 (Gln) FIWICHLEIAR AU, L-2% 2 BRI
HEANNAR P JE BRI K RN B ERE (Gl MZfE", Glu
&SN N B AR IR Y, BE S R I NG
Tl = B, LT e A g R K (T Ry
Cinterferon-y, IFN-y) &) (¥4 Wi £ @bl AR (1 2 <
TR, EAh, PRPARIBh s R BRY, 4 g/kg
PR R BIL-Z A BRE B 4 KR 1 h)E, (oA
JH R 223 L- 25 R R B S B 1 n, 2 S 3 ek 2
BEHJE24 h)y, MEHGluM ELEE (Asp) S B
., EEER (Met) MFZEER (Lys) Fimd; FFiEd
H& (Gly) MZEHNZER (Phe) FEiin, mHER
(Ala) F)& R 250 (0] 8 KT D, Glnfl) & &
6 FH 24 I [R) 8 K 8 . 100 mg/ (kg » d) L-ZS &R
AR ZAE /N, I Glu e 28 e k& B3 n ™. K
16 mg/ (kg d) L-RERGL-MERE GiEN2:5) 1)
RATIFIEE24 HRHZERR, 2 AE, G as
B EIM (immunoglobulin M, IgM) FllgGH & K& &bt
HAKE R B E ™, LR g Ry, L-2RAR
X Fh AR A R AE AR AR vT 5| 2 B LA 37 A
JIEHh FA SRR (1 B R A BB . BT I A
{10 9 8 BE IR P i B B IR TR ) 2L AT S W Zh L A
(A FREAR L S AR KA L, P AHE DN L- 235 20 B2 R 6 1A 425 [T 7L
R BRI BRI P 8 43 28 B R A B 11 o 1) 6 o

STFWAL KR TP KR BB, X HRIEFRYIR
TSR, MERER R4 R NIRRT AR KR, A
ARSI VA3 RS K BRONSLIERT R, B E A FIREL-ASE R,

LR BT DGR LS SR R A S
TIHTL- 2R B R SRS A ST 8 IR A2, AR
LA SR SRR A S A K A BT

1 MHR5HE

1.1 sEIGE)

Fr )21 ~25 Hi& i # g Sprague-Dawley
(SD) KR, S8 BN YARRL H I e 03 o 58 S 56 3))
YIA PR A B4,

12 A5

L-FRAMR (46/%99.2%)  HHMEEMEAYEHES
AR AR EAEHAFIE R A .

L-8800% JE M40 M4 . CR22GIT I = 5 1 A 15 55 0oL
HARHI AT ; PowerGenl25mH A AL B R IHIR
BHEAF; Allegra X-22RAEXFOHL  KE w2 A
Ay M2104HLF R MR- R 2 AW .

1.3 Hik
13.1 SIS

64 A SDWrFL KR BEHL 2 XA . (KA =H . F
FIEA MR RE, FH16 X, MBS, BHikK
AR R, &4 R R E S A FO0. 50, 200,
400 mg/ (kg » d) HIL-FRARBR. L-HREIRE T L
#hoK, MR EE H 2550 L A B 2 IR . RERTE
JRACSE R B, PS5 I A4 o7 B B A R 15,
R—IR, HEEHEE14d. AEAEIK24 WG AT KR
FEo Wik BUMF 10 mLEOE F, $#E2h, 3000 r/min
B0 15 min, B EZEME, —80 CUKFEEHELF. MFFEL
WG, ABEKMYE, B AR, WEER,
—80 CUKFEAT
132 FERAbETE

BT mL B AR i N 55:44:720.08 g/mLiifi i /K 2
4 °CiL#, 10000 r/minE 0215 min, 0.45 pmyEfEid g EAL
FEl. 500 mgAFAEAE S IIAAT mL 0.01 mol/LELER, 2137,
EARZEI0mL, 4 mL5 Mg AT FFEAR RS FAL. (i
R 35 E S R 0 A R D S BERR AN 2 7 B
14 HARG b

SEES A E I SAS 9.23 AT AR K Z i, KR
K AP<0.05, 25 R Lx s KR,
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£1  LFREBNKRRERELIFRR B

Tablel Effect of L-theanine on body and liver weights of rats
- 0mg/ Somg  200mg  400mg Pl
(kged)  Gged  (kged  kgrd  —REH AR
kRS S482E110 8568107 8648+1.07 85294107 NS NS
KERRg 160294259 169.824251° 17243 +251° 169.0642.51°  ** ok
HRRRR (gd) 5242017 6012017 6I5E0.17  598£0.17°  # o
RS 5022013 519013 5032013 4932013 NS NS

Vi AT NS FRARRRZEREE (P <0.05); %+ P<0.01;NS. #
FARE. FHE.

mE1IaE, SXEEAEL, L-ZREBRAe B
KERARAR B & H R (P<<0.05) , {H X FFIF 5T &
TR ER (P>0.05) .

22 IMiEFBFERER S ENAR

%2 LFEBRNNEPLBERERSENER

Effect of L-theanine on free essential amino acids in serum
. A/ (umol/L) Pff
Omg/ (kged) SOmg (kg+d) 200mg (kg+d) 400mg (kg+d) —KEH ~WENH

Table 2

i

Thr 14829£1089° 1798321025 165.78£961° 107781137 ok
Val  1122848.13°  12901£766°  11427£7.18°  734148.13° sk *
Met  2836+183 32004170 2996162 18224195 sk o
lle 7645574 $644E540°  T697E506  6.62E5T4° ek
Phe  4246+377°  $320£355 47534333 3524400

155.54%19.10° *
29.68+£2.74°

Lys 21394£2036" 284151798  240.55+16.86"
His  2878+£2920° 42374277 41074247

VE: . P <<0.05; #sx. P <0.001, FJ[d].

2 A, SXTHRAAARLL, KR ¥4 Thr, Lys
MHis& &S E T (P<0.05) , HHIEAIEAHIs S &
SEFE (P<0.05) , miflE4AEAHBRHisAPhedt, FH

b o 75 R AL R 1 5 AR R BRI (P<<0.05) o KM
I IO His & BBl A L- 7% 2 BT & 10 2 — 7 19

(P<<0.01) , TEARFIRAIEAN AR AME. HihoFHFR
BRI B BE L- 2% 20 R 70 & X 3G 0 e 3 0 J5 B AIG, B4
P (P<0.01) K W58 (P<0.05) , HAEEFIEA4
bR S SYN I
23 MiETARL REER S =L

3T A, SxPRAAM L, (K7 R Asp.
Glu. GInflip-Alafs &R ET & (P<0.05) , HijiELH
ZHAsp. Glu. Gln., g-Alafl¥ZFEMHE % (Hypro) & &%
EZFtm (P<0.05) , miflEAbFEHSer, Ala, Pro. Cit,
Tyr. Asn. Glu, LeuflArg & & &35 L (P<0.05) ,
Gln. 3-HREHEEE (3-Mehis) MHyprod &R FTHHE
(P<0.05) o L-ZXEIRACFLAHAFMERR (Tauw) AL ER
(Orn) S5XFHEZAA LT 3 s (P>0.05) o KM
B AEL AL MRAlR. Tyr. Glu, Gln. 3-MehisFIHypro

Asp )& & B L-7% 2 B 7 & 189 0 2 = k07 RN
(P<0.01) , Hr, Ala. GluFlAspfEL-ZX R BRIKH &
b A B B A B ORAEL,  Tyrf & S 77 &2 A48 Jin g &
i, 3-Mehis 2 & il 71 5 1R 38 0 5 BAR S 7+ i 28 i 77
TAHIA R R RAE, Hypro) & & L- 2% 28R 77 & (1 184
M E. Ser. Gly. Pro. Cit. Asn. LeuflArgf)& &= Bl
L-Z8 SRR 5 R 1 0 Bk 5 R e R RN, BRCti
B i L - 2 ST ) B R 1 0 AR DA A, A S e R T
i L~ 7% 2 I 77 T B I S o v S BRAIS, ELPE AR B Ak B
BN B PN

=3

%3  LEIRNIETELFEEERSROPWR

Table3 Effect of L-theanine on free nonessential amino acids in serum
A8/ (umollL) Pl
Tt —% =W
" <1?gnig(/1> (?(Ogl?%l/) 200me/ (ke» 0) ?fg W En
ERR%
Tau H8STE100° 1349011064 11978+100°  101.22+1.00° NS NS
Ser 156.66+1047° 182394986 166.39£9.24° 109591094 o
Gly  17086+1427°  20250£1343  20062%13.11° 13385+ 1427 £
Ala 26085+2010° 3047811892  26197+1774°  163.1942010"  # NS
Pro  381.09+37.12°  42678+3074°  43574+2921° 2752343179 o
Cit 5345£3.60" 51.76£3.39" 50.62£3.18° 30.09+3.60° K
Tyr 5343£381° 4786£3.59" 41724336 31774398 # NS
Om 34294264 32614248 32544233 27.62£281° NS NS
Asp 001268 32.00£253 31214237 19.15+297 NS
Asn 46.9615.73" 59444554 56.88£5.06" 30.01£635° *
Glu 87.81£4.89" 106.19£4.53" 91.91£4.13° 13281647 * NS

Gl 1753.894108.60° 2137.17+10230° 21943749590 215501+150.10°  * NS

Leu 98344761 1479+7.16° 98374670  6572£761° w

Arg 1032247460 122833702 109861658 6181746 wRE
FEARSE

fAla 10321168 1668E158  1S37E148°  1438+227° NS NS
3-Mehis  190030° 1.784027° 2454024 387403 ok NS

Hypo  27.054741" 30714501 4986%501° 51.76%6.53° £ NS

VE : Tau. 4 fif R (taurine) ; Cit. JN & fiR Ccitrulline) ; Orn. ¥ & &R
(ornithine) ; 3-Mehis. 3- FIJEZH (2 (3-methylhistidine) ; Hypro. ¥4
IR (hydroxyproline).

2.4 FFEAL SRR IR S B AL

F4  LFRERNFRPLFEERSEBREW

Table 4 Effect of L-theanine on essential amino acids in liver
#E (mgkg) Pl
B 0mg/ 50 mg/ 200 mg/ 400 mg/ -K K
(kg d) (kg+d) (kg+d) (kg d) Bl A

The 150634939 136.96+1034° 233674+ 907  130.16% 9.80° NS ok
Val 1542041288 15725415230 276261244 1398541288 NS Hhk
Met  81474630° 77434657 142344608 71.96%630° NS ek
le 95274854 84461941 167784825 78404854 NS ok
Phe 1257941132  118314£1223° 2194241132°  123.074£11.72° NS Hhk
Lys  25448+1640° 24438+17.01°  41874L1584°  237.93%16.94° NS Hhk
His  10885£570°  10723£590°  158214570°  92.07+5.70° NS Hex
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R4 E, SXREAIARLL, BFRE b T 0 7R R R
P& BEET A EHA S E T & (P<0.05) , ML-FRAMR
RIS RS E, Eh i EEERRESE, B
BRI RN (P<<0.001)

2.5 FFBE AR TR AR A R AR

£S5 LFARNFEFIELREERKEm0

Table 5 Effect of L-theanine on nonessential amino acids in liver
4/ (mgkg) Pl
JiH 0mg/ 50 mg/ 200 mg/ 400 mg/ Kok
(kg d) (kg d) (kg d) (kg+d) A A
ERR%

Ser  22047£1291"  20485H1347  33552E1247° 2026241291 NS
Gly — 25209+1051°  25851£1051°  341.09£1051° 24043+1087° NS
Ala 30400+1570° 2697941625  4158241570°  23765+1625" NS ¢
Pro 7664843217 8254843017° 10697143330° 7243343330° NS ek
Tyr 47081139 1237741189 21315£1101° 129201139 NS ##+
Om  161.3241051° 1536121097  273.60+1016"  15431£1051° NS #+
Asp 16494E1163°  17818+1124"  25178+1124°  IS473£1163° NS #
Asn o 103044837 Q7874874 I$325E83T 87394837 NS e
Glu 4624543159  4288543159° 5753943159 4467743269 NS *
Gl 1696.74+202.10° 2210304202.10" 2 603.18+202.10° 2325.13£209.20° % *
Leu 2095941942 1855442139°  37841+1876' 179214£1942° NS #¢

Arg 7.8841.38" 6245 141° 8.80+1.24° 1774167 NS NS
FEARZE
fAla 32704350 304543805 422543760 617343.64° ®ENS
P-Ser 14624153 19294205 1983145 1690+149" NS #
GABA 651146 450+1.67 233 41.46° IBELTT NS ##k

VE: P-Ser. MR &K ; GABA. y- @3L TR (y-aminobutyric acid).

HERST R, SXTRAALL, FFIE Bk Argflp-Ala
PASM R0 75 & SRR ) & B AE h ) AL B R T
(P<<0.05) , Glnflg-Alaf) & & 1E 7 &AL 2120 &35 7
i (P<<0.05) o BHL-ZZ ARG ns-Alaf) & & £ 4
PERN. (P<<0.001) , Glnffy & & RERE LM R IR
[ (P<0.05) , BRArgCREmisl, HAREERNS
BHE TN (P<0.05) , H#EPFEHSEX
Bl KA.

2.6 IMiE KPR S ERZL
#6  LFEM ISR PR A ROEW

Table 6 Effect of L-theanine on ammonia in liver and serum

0mg/ 50 mg/ 200mg/ 400 mg/ Pl

(kged)  (kged)  (kged) (kged) —WEE —WkER
e A

WETATE 6351310 6762331 5376+339° 40814382  vor NS
(umol/L)

HERE R =/
(mg/kg)

HH

37.92+143" 3021+143" 37.25+143" 33.80+148" NS NS

6T 1, HXFIAMEL, ik & & = =T
BHEEMFK (P<0.05) , FFEHEM S EEMRFIEL
BERE (P<0.05) o MMM &R FfEL- 3 E BRI & 13
TNZR kPR (P<<0.001) , HIEEFIEAIARfR/ME.

3 9

KRR, L-FRAREE M T W KRBT
HipmeEsREleE. 28R 50 AN ARIFEAS—
o PEARIEDY, £70.04%L-3% 2R 1 k) HE 3% M/ R
16 J&, Aot 5 0 = 0 s N G 7 o A PR,
80 mg/kg L-7% 2 2 1) Tal R R W AL AP 4, R AT 4 AR
PEPERETE IR 2 M, £100. 200, 400, 800 mg/kg
L-Z% R 1) v BRI ME ORI XS, 1~3 100 mg/kg
L- R AR R S WM T A& A, 1~7 F
1 A Jo B Y EE G N RS, L At 2 R ] R AL ey
T4 (P=0.074) P\, X W] fig L SZI0 BP0 R E |
AR KB B DR AL BRE TR AN TR 538

ARSLIG I, (EH RN TR E IR (Thr, Met,
Ile. Lys. His. Phe. VaD) RZHAFL TR (Gly.
Ser. Ala. Tyr. fp-Ala. Orn. Pro. P-Ser. GABA.
Asp. Asn. Glu. Gln. Leu) )& & 7ENT A 5 3%
i, {BAEIME P His. B-Ala. Hypro. Asp. Glu. Gln
Mo ERESE. WA, Wl KR E K2 Hoa
fiZ (Thr. Val. Met. Ile. Lys. Ser. Ala. Pro. Cit.
Tyr. Asn. Glu. Leu. Arg) & @& iflmd4l e R, |
of FFF AU A A N P S S R 0 T Y 35 52 e, i ok i A I AR
JH A s B R 1 & R S AR S L- R = R R E A G, H
L-Z% G R 0T AN [R) 2% B 1) 20 5= R AW A7 AE AN [R] 1) i #2401
#l. TerashimaZ:PBf 7L RIAHE H 4 g/kg (LA & it
D FIL-FEKR24 hiy, FFEFGly. Phef1GIn e &
b, G s GlufAsp & 20,  MiMetFLys & & kb .
X R G A T4 R i Terashima 252 R LK B
JH I Hh Al ) 25 B B A6 FH 24 I [R) 8 b, 505 A B i 46
RIELFAHR o X 7] BB T L-Ze 2 IR VE 15 77 = A0 A 31
() AN [ 32 R o

T 0 R R R A e & aR1e, Kb 75w 5
B2 & BT R WI200 mg/ (kg « d) L-ZREABRE B AE
PR HENLAAR XS EAR H Z EERR I B . AR SEEGE R I, R

TR E IR N ERE AR (Gly. Ser.
Ala. Met. His. Val. Pro. Asp. Asn. Glu. Gln) m3f
PEAEREEIERR (Thr, Ile. Phe. Tyr) , AEMEEIERRALTE
RN AR E R A, 2 5 AERERY, EIERR 1 R
AU AL AT gk AT, A AR R R R & 0
Z, RWIMERE R 2 EALRE A R B O T 2 B A
S 5ERA S 5088, T AE A B AR R B
DAHE N L- 75 20 R e 0 {1 34k 7 LK BROPL A4 2 0 19 5 1l
AT R4 0 1 38 Joi 2 R R A o

Gln @MW i £ & M EERR, 52l a2 R
— DL k. GInm[ENm AR T, 2R R A1
HERY: EMEHH T L RMEE PRI, b
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R HFE N EEZY R . A, Gk Reidsg ik /i,
PUMIRIEO, dedr il g get Y, 80 A R A SR
o BEFFER, L-Z% R A0 HE 20 o O B 2 ifn i
GlnF 55X B AR LU #0035 T, U L- 28 SRR mT e
KSR IERE B S A2 e 77, SR R 0 % 77, (R EENLAA
HEEHAE K.

L- AR WA 7K N Glu,  Glu i & &
RE MR, PRI R P8R0, a]
HGIn/K i1 K . Glufg 5 — L8 20 4P A &1 F 2B G,
32 4 B A 2B PR 2% HE H A b AT A 5 1 A KR
AR, KRIME Gl & B, FELFEg
BEFG, mEAAA R E K, S EEs
FIEA A TS . XA AR S 5 Glufh Rk Py A1 2k
Jidg AR L 5% 45 DL RO R AL 2 2 B AN TR A 5% o ASTE 78 45
RERT NI RS R4, Sugiyama5™ I 78 & HLH
100 mg/ (kg + d) PIL-ZR% R4 /N R IERE S 2y, HIF
WErh Glu?d & B350, Terashima2:P' 4 g/kg I L- 4544
FRVE B KR, KR o Glu s S I [A] ZE Kz i 1

RAENAR & 53 & 2 PR KN N B ATPIKF-, 1T
5 MR 61 22 TG 110 0 B R o 2 A0 R P R AR D S AL
FERBIH P, M RVE R N B AR
UL S e oy e ARSI ORI, MR & RFEL- &
PR 7R 2 (38 0T s/l IR A S AR B AL B A
EREAL (P<0.05) , miflEA A 2 EGE . FRHR
R, L-2% S0 R 38 38 I 3 A0 0k Glu 5 Gln B &8 AT
PRBEHEE, P & TE T REA I 0 &, AT BRI
KRR EHAN T E,

ZREPTIR, L-Z SR RE A 32F X B AR AT H R 2
FERRIRN, R s R I R RS E, HEA
FEE RN s T R R A Glu A GIn ) & &, AT i
FRRUEEEN SR, RFAYIDUEL T L- R %)
W BN E FE R AR B AW EER, X NL-ZRE R T
ABIFI A B RE IR N SR it 1 0 EE R BEmE TR
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