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EXPERIMENTAL STUDIES ON THE DEVELOPEMENT OF
DRUG RESISTANCE IN VIVO*

Part 2. Studies on the Developement of Kanamycin (KM) and Ethionamide (TH)

Resistance in Experimental Tuberculosis in Mice

Hitoshi KIMURA

(Received for publication October 2, 1964)

It was previously reported that a marked developement of INH-and SM-resistance was obser-
ved in experimental tuberculosis in mice infected with low resistant tubercle bacilli obtained in
vitro.

In the present paper, studies on the developement of KM-and TH-resistance in vivo was
«carried out under the same condition as that previously reported.

H, strain of tubercle bacilli was inoculated to Dubos medium containing 1y/ml of KM or
1y/ml of Th, and after 10 days’ incubation in the former and 2 weeks’ incubation in the latter
the resultant bacilli which became incompletely resistant to 17/ml of KM or to 5y/ml of Th
were injected intravenously to mice in 0.1mg amount. Two weeks after the infection, the
treatment of these animals were started by administering relatively small dose of KM (0.8 mg
daily) or Th (0.2mg daily) for 3 (KM) and 2 (Th) months at the longest.

The resistance of isolated bacilli was measured by Youmans medium for KM and by You-
mans medium and modified Kirchner agar medium for Th.

The results obtained were as follows.

1) The strains isolated from the mice infected with sensitive Hy-strain and treated with
KM or TH, showed no resistance to these drugs.

2) The strains isolated from the mice infected with KM-low resistant H,-strain and trea-
ted with KM alone, KM combined with cycloserine (CS), and KM combined with sulfisoxazole
(SI), showed partial resistance to 10 ¥ of KM. Combined use of CS and SI presented no inhibi-
tory effect to the resistance developement of KM.

8) The strains isolated from the mice infected with TH-low resistant H,-strain and treated
with TH alone, showed partial resistance to 20y of TH.

The strains isolated from the animals received combined treatments with Th+CS, Th-SI,
Th+KM and Th+KM+CS, revealed the resistance to 207 of Th in spite of the marked
decrease of the viable counts from the lungs.

The combined use of CS, SI, KM, KM+CS with Th effected only a slight retardation of

* From Department of internal medicine, The Institute for Infectious Diseases, University of
Tokyo, Minato-ku Shiba Shirogane Dai-cho, Tokyo, Japan.
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resistance developement to Th.
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These results suggests that also in the use of secondary drugs the negative conversion of

tubercle bacilli in the early stage should be an important aim and that sufficient cares must be

paid to the appearance of low resistant bacilli.
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< v AL, Y2 B BRI ROTIREEIE
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Table 1. Drug Sensitivities and Viable
Counts of the Strains Used
. KM (y/mi) couns of
Strain 0 . ) 5 inf;’ocsteing
6 0 0 0
H, + 7.8x 10
6+ 0 0 0
HyKM- | 6+ | 1+ ] 0 O 4 ox108
Low R | 6+ | 1+ 0 0

H,-KM-Low R : H, strain cultured 10 days in Dubos‘
medium containing 1vy/m/ or KM.

. TH (y/mb) cqlatle,
Strain T 101 20 | infecting
0 1|2‘5]O|°‘50 _dose
|
8+ |4+ 0 | 0o |

H, + ‘ 010 l ‘ O 5. 5%100

0 00 l
H,TH |8+ (8] Sﬂzil 0 \ 4.1x10°

Low R |84+ 8+‘8+‘2+ ‘
|

H,-TH-Row R : H, strain cultured 2 Weeks successively
in Dubos medium containing 1y/m/ of TH.

14+~10+ : denotes the degrees of proliferation in You-
mans medium.

BT 1y/ml RERMERR LT %,

2) TH {ERzfEE (Hp-TH-Low R #) & LTk
H, #D k&% 1r/ml TH ji Dubos Eific & L 238
WRERESER LS ORAG, ZOEY  E§
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KM, TH o tAFlL LTAL 74 YV FH Y —
A (SD), 4 27wxy v (CS) AW, KM kXt CS
K 2L, SI kv TH (ZEEEME O i
1% 1z Carboxyl-methyl-cellulose #jn% CHFl & L,
KM O&fiEs L, iy vFERufEoss Lice

IFI GBI AR ¥ UC A 5 & D pro. kg X
D= AkEIC i L, KM 0.8mg, TH 0.2mg,
CS 0.2mg, SI 0.8mg 4B H & Lo

X B H &

1) KM [tk EFic B35 ERITE

H, #$s L0t Hy-KM-Low R #: Dubos #5555 5:
FLIbo 0.1mg 2 rhth~v ARHIR N
L, R 238% % bR EBR Ui,

~ v ADRRE Hy @R T KM BMBRE 77
Vv, Hy-KM-Low R pRif@ffcik 1) KM Jageke, 2)
KM-CS Dffsafenf, 3) KM-SI ffREIEO 3L L
oo

e 2B X v RIFEABBL, 42 H, 55 H, 70 H,
91 FHN\_E%'A:’ I L, Ih BT, BolERs & O kEETT

e 5 e L b, MiEF B 1 NIE

Bl R S % X Bic Dubos i T 5%
L, #o 0.0lmg HMEES, 0, 1, 2, 5, 10, 20
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7ot TR 2 BHRICHN N DO EETED TH S
0 kb 10+ e s 11 EBFEOEBITHE DL X >
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ik ER S Lot TH Bkt 4k &, Hy-TH-Low R



196543 8
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JERE, 6) TH-KM-CS 3 3 ff H 1R D 6 FEafRA L
720
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1w, BZMRBILC o Dubos Bz BB Licd D
woX%, 0, 1, 2, 5, 10, 20, 50 y/ml TH jjp Youmans
B R LT Z & { T Lic, 43 HIRER T
T 60 BAEEETIL 1% NaOH g 0 22 h i© 3%
NaOH ¥ < 10 IR LicDb %D 0.1ml &/NID
5o Kirchner 8K HERH (Kirchner SEREHO
—BEE 7 Y v AOHER, FTb bR 100 ml K
LT O0.4g oFxHNL T 1.0g K LTEDE D)

TR LEBR X 5 BRI EER R FE LT,
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Table 2. Appearance of KM-Resistant Bacilli in the Lungs of Mice

Days of macroscopic findings ‘ KM-resistance (y/ml)
Strain Treatment trea- |

tment Lung l Liver Spleen % 0 ] 1 ’ 2 ‘ 5 } 10 20
42 + + + — | H — |10+ 0 o | o 0 0
42 + =+ + — | H — |10+ 0 0 0 0 0
5 # + | - = = — |0+ 0 0 0 0 0
H, KM 55 — * — = = 10+ 0 0 0 0 0
70 + - - = - — 0+ 0 0 0 0 0
70 + + + - + - 8+ 0 0 0 0 0
91 + + - - + - 8+ | 6+ 0 0 0 0
91 H+ = + - - - 84 | 64 0 0 0 0
2 | + + | — — | — — |0+ |7+ |64+ 5+ | 0 | 0
2 | + + |+ — | = — |10+ |7+ | 7+ 4+ [ 3+ | 0
55 | 4+ 4+ | + — | + — |10+ | T+ | T+ |5+ | 5+ | 0
55 | 4+ 4+ | — — |+ — 104 | T+ | T+ | 4+ | 1+ | 0
KM 70 + 4+ | — = | — — | 5+ |5+ |5+ 0 | 0 | 0O
0 | + + | — — | — — | 8+ |84+ | 7T+ |5+ |3+ | 0
99 | + + | + — | — — | &5+ | 0 [ 0 | 0 | O
91 | + + | + — | 4+ — | 8+ 8+ |8+ [6+ | 0 | O
a | + + | + — — | 8+ | 8+ | 8+ |8+ |8+ | 0
42 + £ | — — | £ £ |10+ | 8+ | 8+ | 3+ | 0 0
2 | # 4+ | = — | 2 2 |10+ |8+ | 7T+ |4+ |1+ | 0
H,-KM- KMCS 55 + - + - + — |10+ | 8+ | 8+ | 6+ | 3+ | 0
Low R 85 | — + | + — | 4+ — |10+ |8+ | T+ [T+ | 4+ | O
0 |+ + | — — | + — | 8|8+ |6+ 0 | 0| O
0 |+ 4+ | — — | + — | 8+ |8+ (8| 0 | 0 | 0
2 |+ 4+ |+ = | o= 104 7+ | T+ |4+ 3+ | 0
2 |+ + | — — | # — |10+ |8+ |6+ |6+ |5+ | 0
55 + =+ - - — 104 | 8+ 84 44 1+ 0
55 - - - — - — 104 | 74 7+ 54- 1+ 0
KM+SI 70 + + - = — — | 8+ |8+ | 6+ | O 0 0
0 |+ + | — — | — — | 8+ |8+ |8+ 0 | 0| o0
91 | + + | — — | — — | 8+ |8+ |3+ |3+ |3+ | 0
O | 4+ + | — — | — — | 8+ |8+ 8+ 5+ | 0 | 0
O | + + | — — | — — | 8+ |8+ |8+ 8+ |8+ | 0
1) Macroscopic findings: —, +, -+, 1, it right denotes the degrees of swelling. left denotes the degrees of tubercle

formation.
2

Youmans medium was employed for the measurement of KM. resistance.
1+~10+ : denotes the degrees of Proliferation in Youmans medium.
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1) KM itk R B35 KRR (& 2)

B Hy HradfE L KM oiR LTI, 91 5
BERO1BDL 1y O Lo A TEHMIEAN AR BIH, i
w1y P O o BT Z b ot,

{EJEZ M Hy-KM-Low R #2454 Lo <1, KM
Bk, KM-CS §ff, KM-SI ffAH D3 #L DRI I
Thoin h BEERNE EARA DR, Tt 5~10
T AERNL SEETHMEE R Lizd ok KM B9 gk
761, KM+CS #f6 @lirh 4 41, KM-SI 3 96l 7 6
Tholze Tl OMMELFIX 42 BIREO L 005
TGRS biviesy, 20 y/ml DL EOBEERMEE O MR
ZBRTRADT,

BphARE L PR BB ORI, CS 70 SI Of Tz
KM i o MBI B U CRED T b s 72 D
ety
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(1) 25 HBREOHE :

TH BMiE#E O 2 fliiv3°hd 20 v/ml ReELfiik s
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BT 20 7/ml D ¥ & AR O H B & R ighole
A, THHCS B0 160 %Kk Wi hd 10y/ml Rogs
itz R L, BIAE L O RBEOMch T hDEYE
LT3,

(2) 43 HULBHEOSHA -

TH MEERETS 5AHA, THHSI, THHCS, TH+
KM, TH+KM+CS Rty 20 v/ml fif 5 o HE
23 biTce

£ 0F T OMHERE O HBURIUL & QICBRE R EE R
ETeiote, PEAREL i THHKMACS BH IR
WEC Aot Lirndieds, 20r/ml or o’
WCREDR R S, 25 BIRRO I VIS & b Bl
R L DF R OB O T e e { Ie 2T b,

REBLVICER

BIHRY Tk, KPR 7o 2> TREN R INH
L SM % b BT, chbixd i EA% in vive
TEZE U RS Lo, SEEBEOA EAE
R B E RO e Th & QIR L ST
Wb KM ¢ TH %30, {EROBEE L HET2#
FE LI E R BN, BiEr AL ET, ch
b IRPUEZIRC 3% in vive O AR

Table 3. Appearance of TH-Resistant Bacilli in the Lungs of Mice after 256 Days of Treatment

weight (mg) Quanti- ” TH-Resistance (y/ml)
Strain Treatment : tative | 7
Lung ‘ Liver E Spleen | cultere { 0 ’ 1 1 2 ‘ 5 10 ’ 20 | 50
No | 210 J 1,620 420 | 4 |8+ o 0 0 0o | o 0
Treatment ; 270 | 1,310 300 Hoo8+ o0 0 0 0 0 0
H, — -
. 250 i 300 51 | 46 [8+ | 0o o | o | o | 0| o0
220 | 8,400 | 610 48 | 8+ | 14+ | 0 0 0 0 0
No 270 | 2,110 540 168 | 8+ | 8+ | 8+ | 0 0 0 0
Treatment | 4060 | 1,850 | 520 119 | 84+ | 84+ | 8+ | 5+ | 0 0 0
e SN S S BSOS — S——
- 300 | 1,850 | 480 | 104 | 84 | 8+ | 8+ | 8+ | 6+ | B+ | 0
300 | 3,310 790 144 | 8+ | 84+ | 84 | 6+ | 5+ | 3+ | 0
- S S S SO S —
TH. ST 290 | 1,490 | 520 46 8+ | 8+ | 8+ | B+ | 24+ | 0O 0
i ]
H,-TH- | 810 | 3,060 600 73 | 84 | 8+ | 8+ | 6+ | 24+ | 0 0
g —
o i o 540 | 3,200 670 | 112 | 8+ | 8+ | 8+ |6+ 2+ | 0 | 0
340 | 3,610 800 | 122 |8+ |8+ |8+ |8+ | 0 | 0 | O
| 220 | 180 340 | 22 | 8+ | 8+ | 8+ 6+ | 5
TH. KM 0 , 890 + | 84+ [ 8+ | 6+ | 5+ | O 0
180 | 1,270 | 190 13 | 8+ | 8+ | 8+ | 3+ | 3+ | 0 0
— . R
1,430 | 250 41 | 84 | 8+ | 84 | 7T+ | 4
KM o5 | 240 , 5 + | 8+ | 8+ | T+ | 4+ | O 0
260 | 1,850 | 360 66 | 8+ | 8+ | 8+ | 64+ | 3+ | 0 0

1) 4 :over 200 to 500 colonies.
2

Youmans medium was employed fro the measurement of TH resistance.

3) 1+~10+ : denotes the degrees of proliferation in Youmans medium,
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BETHL B, EREEORELEREA L L,

zhs KM, TH OB LT, $H—RkIHEZE
LHAD L BB BRI FeERT BT L
LELSHFENER L T B LI 2 78\ TR E—
DL D BIFTEWERIRINBHEL IR TN DR
BHIRThBo LT, BIHSERERkD /223D, 4[ED T
BAIC DWW TEEEZMZ Do

In vitro &3\ TR R A S KM % X ot TH i
HEANZOND, Tk 2 ERTHAD L 1y/ml EEHA
e 1o T Hy #1136 fC B¢ 100 y/ml KM 5547tk &
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705 LMEL, LEOTMEMRNREL X HyRv £RI2 8
¢ 100 7/m! TH fifte%, H, # <1 9 ¢ 50 y/m!
TH it o HEBEZRD T\ %o

<V AR IWELET Y P OERMEIEC B0 5
R, INH 72500 SM o Eit fiific & b LI
o L DR ) DEDBENRBLIDD, IRPUEEIE
COWTDHFREFE I TN ThH B, KM EFIc 2\ T
BHAIZE ey POKER KT - ABREEE H iy
0.1mg gfEL, 23 AKIYER2 A KM 10mg
B H %3 L, INH, SM, PAS & 1:0f HIAE RS,

Table 4. Appearance of TH-Resistant Bacilli in the Lungs of Mice After
43 and 60 Days of Treatment
Days of Weight (mg) Quanti- 1 TH-resistance (y/ml)
Strain | Treatment| Treat- T tative |—— - 7
ment Lung | Liver Spleen | Culture ‘ 0 } 1 ‘ 2 5 [ 10 20 50
43 250 2, 560 400 1k - + | 108 97 0 0 0
No 43 300 2,900 490 55 55 55 23 0 0 0
Treatment 60 200 1, 050 100 82 82 17 24 5 0 0 0
60 370 1,710 400 29 29 18 84 91 0 0 0
o 43 220 1,590 210 36 36 23 17 10 0 0 0
TH 43 600 1, 450 320 32 32 17 14 0 0 0
60 320 1,200 150 27 27 20 10 0 0 0 0
60 260 1,350 340 28 28 1‘ 0 0 2 0 0 0
43 290 1, 450 460 134 134 87 | 91 69 | o 0 0
No 43 210 1, 340 290 148 148 | 134 | 114 93 0 0 0
Treatment; 60 260 850 250 39 39 27 18 11 0 0 0
60 320 1, 050 320 42 42 13 7 21 0 0 0
43 260 1, 650 300 45 45 43 32 33 28 0 0
TH 43 250 2, 260 320 46 46 46 44 38 38 0 0
60 300 1, 600 310 23 23 10 10 14 12 20 0
60 270 1, 400 280 37 37 14 7 19 21 8 0
43 310 2, 250 260 30 30 32 30 32 24 0 0
TH. SI 43 280 1,620 150 29 29 15 15 19 2 0 0
60 300 1, 250 320 17 17 41 17 22 17 0 0
H,-TH- 60 230 _;, 250 260 12 12 17 15 20 9 4 0
Low R 43 350 | 1,400 | 270 | 63 | 63 | 62 | 44 | 43 | 45 | 24 | o©
TH. CS 43 290 2,310 510 77 77 65 65 69 36 11 0
60 280 850 110 10 10 7 11 13 0 2 0
60 350 1, 500 300 14 14 11 7 13 3 1 0
l 43 250 1,320 260 26 26 26 26 25 15 1 0
43 270 1, 480 340 26 26 25 26 21 6 0 0
TH.-KM
60 250 1,270 150 18 18 7 8 0 1 0
60 250 1,290 300 10 10 9 0 1 13 4 0
43 260 | 2,210 | 350 8 8 3, 0 11 4] ol o
TH. KM.| 43 330 1, 250 160 12 12 10 14 5 5 1 0
cs 60 250 | 1,550 | 220 7 7 0 3 2 0 1 0
60 300 930 100 10 10 7 10 19 5 2 0

1) 4 :over 200 to 500 colonies.

2) Modified Kirchner agar medium was employed for the measurement of TH resistance.
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KM HMapER L v o458 E 10 r KM fiftk 2R Ui
L, KM-PAS §tHBECIL 5y MMEZECCIED
Ty MERFH KM it LF o g PAS ff
FAC X Bl BB - 2R3 5 B A A L\ D,
TH fiti:_EFic o\~ Tl Rist® St~ v A g 2 Hi
X DR 100 HR R SRBEETRViL ) D 5 BEE T
20y TH MEEZEL LT3,

L, B R\ T~ v AEREE C 317 %
INH fitth 7z HOYie SM ik LR W THRE Lo &\
FHIN RS R EHANC Lo b SR B B 7 D 4fE
LT, WRIDLE:, SElofn FHE W - EHHE
HDAFZVvADIHLIVEEL, WHOLELLT,
ROBME X v HRETHHER LI R B28, in vitro
TR IR L B S e BT RE KT S itk g
AL, FARE W - BHOAF v AT HEE
LCADBEEEIFRELE 5 X 5 i ' o3
HaeBEETHrZ LU, ELRMREDOHR ZE 2D
&Gy VRIRBEIA & D 2 B O BRI % 3\ oo

SEo KM fitd:7e bove TH i ERwc B35 £
TR DT i & AEEO Ao b, & iz ofif
HEIE T EEC I B D E G &b DTz,

RS Ot E B oW TR B I s T 4
RO G LI TW5B, Tiebh KM itk ot
HERDUEL 1% /NS CINEEC X 5 T OfE R KM fitd:
fEXE LD 2 L 2@ L, T KM /NI T
A~ OB L b 1,000 7/ml ¢ 1/2, 100 y/ml ¢ 1/10
EHEAIMET 5L, NI () bAVJIE#T 50
~100 y/ml CHREEM D 1/10 LI IAMETT5 & L
TWbo MNID(R) 13 KM K5 DBE L b 0 48
ek X OMRIEE R O\ C KBRS 1y/ml BUF Ot
fETH b, »oBEEEEC L AMEEOEH L iy
7o\ g B Kirchner SERBEMO 6 A HRE LT 5,0
F7oJbARY Bk Youmans Bhia A W o 3 A 1k Kir-
chner JERIEMIC L BIMEE X h & HImLofE M & 7
BERANTED, WEBHTHLD Z & XD BEDOERX
AU h, BOMEMAT#ELTW5%e HbEnd,
Fx KM it iaEicis Youmans 55 % F\REEEI
XD HEfE Lo TH M2 CTREFRTO /N[ ESH &
Kirchner JeRiEMA B L, MmO 107 Mz
Kirchner &R0 1y Mfthic, 267 Mk 5r fif
Mz, 507 ML 107 iR ehEhEigds e L,
G2 b R C R B R Hy, STl 35 &
Kirchner EREsH I3 17/ml, /NI|EsH©i% 10 y/ml
Th D, BLMMEEIXREL 0.5 r/ml, %% 2.57/ml
Thor LT3, LY TH OREHA~DWHIT X
n 50~200 r/ml T/N)IESH < 1/3, Kirchner &K 5L
T2 EAIBNETT5 &\ 5 o Falk TH iz ous
TEChLOEREERL, DlOEEFHD D You-

B HA0E B3IF

mans ¥#iA fVy, i T Kirchner JERELHZ Fu~
720

KM fittk R B3 2 B0 ER R Tl i Hy #
BERECRRE 91 HBETOMELERIXGLALEAD
RELFN 1R 1y/ml 0y - AR EBEEY RS
Ik %28, (KRS He-KM-Low RpkffdRf ¢l KM
Bighss ot KM-SI, KM-CS fFAREE & it BA %
e 10 r/ml gLl LEemtE a2 R Lice LAvL,
B R X ATt BRI CS X0t ST 2\ 3 HE S
DIEIEFZ AT tcdhiBd b e hyoice Tishb
HoEBRSEgz LY, KM @owC $ in vivo ¢ SM
CHEINCEBECH LIS ) Lk EREx %3
T ENTE, BB EMERRSZELL D BB
MR OTE ERERZ DI & L W b Lich, &
KTUIELIEEB T2 X 57 100 y/ml ¢ %> 1,000 y/ml
PEhew3 EEMEEEZED Z LIXTERNDI, 20
BT, PEREH OB L X FeMitkbE - ORIE
LI RASBI DB TAHEETHD LB 5,
TH itk BB 2 SEBREUE TR Ha B
FCIRE 60 BIR RS HEEE Tl EAT e A bhi
otedy, (EESZYE He-TH-Low R PREFFERE CIXER
¥#Ess X ot TH.CS, TH.SI, TH-KM, TH-KM-CS o
ZOFRRREL BT 46 BB BT 20 v/ml Ot
HOMBE AR, Ld AKX v NEEIZED LT
L EA R R 3 5 RIS ST, 25 BRI
A DI IIREE Ot B 7 OBIER R D7D HRToH
60

Z O PEEE TH O fi s HLE M 7 & 2 D& THRIK E
FTHANGEALER E R8N BELEZ DD, &
Ot B Al oI FIOOHE TR X 52 & 5 p 3R
Wb LMBTEH DA, FADER TR RIIRERSRS
TZLRBHRHHVF A vD—2:E L bR T\ 3
TH+KMA+CS fFA®~ 24 2TLTH, MNERD
B Ebicbl, ¥ 25 HipHEL 46 HL RRBERFL
DOeH bitcbTh Ot LR DOBEL b0tk
UL 10~20 r/ml OfittEaH DT\ 5 2\ 5 4
RThot,

sz o TH itk EAFAIEBI L Tix, Schitz!® (3
CS PfFAk TH itk E& A1k L 2 T2 L, Rist!Dx
SM % 7ci% INH off s TH itk o BB A BIE X ¢ 5
L\, S INH, PAS i3 TH itttk B A 5% 3
BEWI o FletEYL in vitro T HgRv ¥, H, #E,
WHBED 3 fricox INH Of fix TH itk B A-BH - L
29, SM, KM, SI mizv+Fhoitkicd TH fHHEHE
2R %R, PAS 12 HyRv fcixEsh, He #his X
R AR TURBRIE BRI 232 BTz &\, SEEFRTIDILEE
Kiie TH @ KM, CS, PAS, SI &t Lz X\, 2
ARABIC4 Ak TH BMBEFRC LR KR
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TH MR EEEL R LR, 6 3 A TR AERRD R
POTCERE LTV Be T BLUFFEHF D REE & it PR
IEDRIBE DWW TS H X IR Sh sl i big
WX 3 Thb,

Allan™ BiX\ 27 B EEF & OFF L T 3 BEIEELE
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IEMIPERE o MBI b+ BT 2 N ENR S 5 DTl
WhhEFE 2 B,
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MR O CEE Y H, HoidmEE o HEL 2R i
Hodes, 1y/ml KM ReELifidE e bove 5 y/mi TH
AELMMERE B8 L oS S ot kIR
PHROBECH L TEWTH Y, MFIBAT X % B
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MEEARZDRD Z L AR TE BT, ThODFTE
LERIR DB EMEI D\ TELE L,

&

B

AFUEREE Hy 5% in vitro ¢ KM #4-13 TH 3
FER EERE TR X 2 B 1y KM RSk E
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1) REsEtE H, fhaeffL, KM ¥7x TH o
LIcBETIR Z R BIRib Btk LA Az & A 237k
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