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THE EFFECT OF HUMAN GROWTH HORMONE ON
SEPSIS RAT MODEL INDUCED BY ENDOTOXIN

Kwang-Hee Ko*, Hyo-Keun Shin
Department of Oral & Maxillofacial Surgery, Chonbuk National University

To evaluate the possible therapeutic effects of growth hormone and vitamin C on multiorgan failure, a rat model was developed for
LPS-induced sepsis. Using this model, the effects of growth hormone and vitamin C on tissue damages, catalase and i-NOS activities,
and MDA levels were examined in the lung and liver. The level of TNF- in plasm was also examined. Male, Sprague-Dawley rats were
injected with LPS intraperitoneally then divided into 3 groups : positive controls injected with LPS only, the ones injected with growth
hormone or vitamin C immediately after the LPS injections. The lung and the liver were then isolated, blood samples were collected at
24 or 48 hours after the LPS injection, then examined for histopathological and biochemical changes.

The results obtained were as follows.

1. LPS induced sinusoid vasodilation and mild destruction of lobular structure in the liver. In the lung, alveolar structure appeared
to be thickened and interstitial edema was observed. The levels of MDA in the liver and the lung was increased by LPS, while the
activity of catalase was decreased. The activity of i-NOS of those tissues was also increased, which was more pronounced at 24 hr.
The level of TNF- in plasm was increased by LPS

2. In the lung, vitamin C suppressed lymphocyte and neutrophil infiltration, alveolar wall thickening and interstitial edema. In the
liver, vitamin C protected against the destruction of the lobular structure. The activity of catalase reduced by LPS was reversed part-
ly by vitamin C. The activity of i-NOS enhanced by LPS was also reversed by vitamin C. The level of TNF- in plasm reduced in
some animals by vitamin C, which however was not significant statistically(p<0.05).

3. Growth hormone showed similar protective effects against inflammation and damages in the liver and lung tissues. Growth hor-
mone reversed partly the LPS effects on the level of MDA, the activity of catalase and i-NOS induction in the liver and the lung.
Growth hormone reduced

plasma level of TNF-a@ substantially, which contrasted from vitamin C. Besides this, overall protective effects of growth hormone
against LPS-induced experimental sepsis were similar to those of vitamin C.

From this results, the mechanism of growth hormone on suppression of LPS-induced tissue damage might be associated with produc-
tion of antioxidative enzyme and suppression of plasma TNF- level.
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Table 1. The experimental group and the number of rats in
each subgroup.

no treatment LPS 10 mg/Kg IP
24 hr | 48 hr

Control 5
LPS 8 8
LPS+Vit -C 8 8
LPS+Growth Hormone 8 8

* n= number of rats
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SPSS for Windows Release 6.1 packageS ©]4-3}e] Independent
Sample T-testE AHE-3ke] 974 +F& p <0052 itk 7
7+2] BT E Levene' s Test for Equality of VariancesS: 4 A &}¢d,

AF7HE S 5L p <0055 7|22 2 Equality2} Unequality

= 7ot pvalues Febith A Ao HE EELAR
FABHA
. A7A
1. TNF-a
%2 (7}2)2] 8 A TNF-ae) 55 = 1274+603pg/mlo] ).

VoA Ad Az 2447 Zoj = 74.38+11.00pg/ml, 484) 7}
Zof| = 6341+£5.09pg/ml o) 1T} (Table 2). th 2ol Hl&) &4 3]
S7FE Ao, 2407t ol A ABAI I & A A FHAske FAl
2 B9} (p=002).

T A o] 82 TNF-a 423 = 24A] 7+ 3o]] 63.78-£9.94 pg/m,
187 4847 szoﬂb 56 50-+9.51pg/mio] It} (Table 2). LPSwH
Folgh 7o Hlst FAE BAoU FAA F94L2 9l
ATt (p = 0.063, 0.098) (Fig 1.

gZo| A 2447+ o= 6240+9.30 pg/ml, 4847+ ol =
53 67+12.56 pg/mle] th (Table 2). 4445 2 Fo] TNF-a2] A4

S 8 dAFAL, AZke] T BANE oA '
47} ZolEe AFE Btk HE-CE TG o H|ske]
R TO# ol A TNF-a] oA & 3h= 2ol 7} gl ek (7
7z} p =0.778, 0.603) (Fig. 1).



Table 2. The effect of vitamin-C and growth hormone on plas-

ma TNF-@ level in rats injected with LPS ( * p<0.05)
Time

Groups 24 hr 48 hr
Control 12.74+6.03

LPS 74.38+11.00 63.41+£5.09
LPS + Vit-C 63.78+9.94 56.50+9.51
LPS + Growth hormone | 62.40+9.30 * 53.67+12.56

Unit : pg/ml
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BE LPS FAF & MDA $x]7} 2~3ul 2 d43| Z71% 9t
MDAS] Z7+= #H o Al = 48| 7 of] 7F A3k FAIE BaL 7F
o A= 48X 7k of) T & %7}‘8}L 78S B ) (Table 3).
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Fig. 1. The effect of vitamin-C and growth hormone on plasma TNF-a
level in rats injected with LPS

48N 7k Fol = o) 32 o] A} 162.03410.29 nmol/gm o] 7, 7+ %
2] o] A 155.61+11.84 nmol/gm |tk = &} 7+ E ol A LPSo]|
o3k MDAS] A4 Z7}7} HlgHR-CY| £ & dZ3] A H )
t} (Table 3, Fig. 2, Fig. 3).

ghzol A Z AU MDA 4227} A& 73} 24 A7} Fo)) o] 22
o] A &= 195.38+19.80nmol/gm ©] A7, 7+ ZF = 21271+
23.13nmol/gmo] Tt 48A17F Sol = B X2 o] 4] 184.29+1363
nmol/gm ©] 1, 7+ ZF ol A 164.78+9.09nmol/gm ]t} A

Table 3. The effect of vitamin-C and growth hormone on lipid peroxidation in the liver and lung from rats injected with LPS. ( *

p<0.05)
Time Lung Liver
m 24 hr 48 hr 24 hr 48 hr
Control 118.284+24.29 143.46+26.68
LPS 315.00+47.40 214.14+11.68 274.49+41.77 350.67+40.20
LPS + Vit-C 172.97* +7.58 162.03* £10.29 163.63* +5.78 155.6* +£11.84
LPS + Growth Hormone 195.38 * +19.80 184.29* +13.63 212.71* £23.13 164.78* +9.09

Unit : nmol/gm
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Fig. 2. The effect of vitamin-C and growth hormone on lipid

peroxidation in the lung from rats injected with LPS

Fig. 3. The effect of vitamin-C and growth hormone on lipid
peroxidation in the liver from rats injected with LPS
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452 RS WER-Cop fALSA LPSS] Rolo] o d ZA)
MDA 442712 §olalA Als At (N8 27t p =
0.0001, 0.0001 (), p = 0.004, 00001 (7)) (Fig. 2, Fig. 3). Th3
2ht Bk, BERRI-C Fol ol A 7 22 ] 48 7 & Al
A5 fo)abl B FuE GRS YT (AR 247
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=
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unit/gmo] $1 0.1 4847} 3of = 1811+ 1.85unit/mg ©] 1T} (Table
4). 7F 22 & Y A7+ A 3} 24X 7+ o)) 430.19+104.54 unit/gm
o] o™ 48A)7F Fofl= 407.57+29.91unit/mg ©]tt =&} 7F
BFol A LPSS] Fofol ofs) FteetA] STt w48 FHast
AL A 7o 7 Zhol| mpeh o ZHadhe 7 EE HAlth

gl A 8 23S A8 A3 2447 Fof = 28.88+2.99
unit/gm, 18] 3 48A]7F $of| = 27.55+3.53 unit/gmo] 1t} (Table
4). 7+ 22 A 73} 2417k Fof] 533.54+32.56 unit/gm, 2]
1 48A)7F Zoll &= 675.47+47.42 unit/gmo] i T} (Table 4). B]e}wl-
Ct LPS Fojo] 93 geiA e 2218 o8 A
(N7 = Z+z} p =0.001, 0.0001 (), p = 0.0001, 0.0001 (74)) (Fig.
4, Fig. 5) Brell M e o A& A3 743} 24 A7 ol 3051+

4.87 unit/gm, 12| 1 48A]7F o &=
7F 22 & A% A3 24778 Zo) = 594.64+97.38 unit/gm, 2]
Zofl &= 739.02+99.02unit/gm o]

T 48N7 3

LPSe] Fofo] oJg TR o] £1E Fol3h A0

(A17V8 2 747} p = 0,001, 00001 (), p = 0.0001, 0.0001 (71)) (Fig.
4,Fig.5), thol vk 53 2 2504 Fee o 53

Fre A 41 AL Ueyt (MR 7t

AA 235 71

7} p = 0436, 0.816 (=])), p = 0.0001, 0.0001 (71) (Fig. 4, Fig. 5)

4. i-NOS (inducible Nitric Oxide Synthase) EME

9] # ZF A gol wEFAH &
3H-L-Citrulline] <} 97.2+1821 Cpmoloil, s
41.23cpmo] A Th

o] 9 230 A A 3 240 el =
2 343 Z718190.H, 4827 Sol| = 266.50+91.92 pg/ml=
2ol Blstel = dAC] o
23k} (p = 0.0001, 0.0001) (Table 5, Fig. 6). 7+ 222 2% 74
7} 247 7bol| = 1002.88+£227.70 cpm 2.2, 48] 7+
147.04 pg/mI= o ol Bl st = @A 3] Fobxlthrh HAt wot

2 5 WAYe
=

A= kA B¢l T (p = 0,0001, 0.0001) (Table 5, Fig. 7).

EEREES

H)sto] fofshA vk
Fig. 6). 7 22 ol A= 24A] 7}

o 2=
=~

o| A *H-L-Citrulline] & 2417} Toll =
+62.90cpmo] $1 37 484 7F S0l = 166.13+40.42 cpm .2 Lol
F22 B (p = 0021, 0.019) (Table 5,
%o 519.75+127.94 cpmo] A 17 48
AlZF Zof 325.25+77.68cpmOZ o A] Lol Hlste] 2l 5hAl
H 9t} (p =0.0001, 0.026) (Table 5, Fig. 7).
2h9] ¥ ZZ oA H-LCitrulline] 9} 24X 7+ 5
+55.38cpm ©| 137, 48A] 7+ ol = 142.13+54.16cpm O = Lo

Table 4. The effect of vitamin-C and growth hormone on catalase activity in the liver and lung from rats injected with LPS

(* p<0.05)
Time Lung Liver
M 24 hr 48 hr 24 hr 48 hr
Control 131.656+ 25.26 1427.148+104.54
LPS 22.03+3.24 18.11+1.85 430.19+51.14 407 57+29.91
LPS + Vit-C 28.88* +2.99 27.55* +3.53 533.54 * +32.56 675.47 * +47.42
LPS + Growth Hormone 30.51 * +4.87 27.95* +3.26 594.64 * +£97.38 739.02 * +99.02

Unit : unit/mg

Table 5. The effect of vitamin-C and growth hormone on i-NOS activity in the liver and lung from rats injected with LPS

(* p{0.05)
Time Lung Liver
Groups 24 hr 48 hr 24 hr 48 hr
Control 97.2+18.21 214.6
LPS 383.75+86.98 266.50+91.92 1002.88+227.70 477.88+147.04
LPS + Vit-C 284.13* £62.90 166.125 * +£40.42 519.75* +127.94 325.25* +77.68
LPS + Growth Hormone 156.63 * +55.38 142.13* £54.16 428.00 * £73.45 405.50+101.43
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Unit : cpm

27.95+3.26 unit/gm ©] 1t}

At 4yEErE

22 2146+
383.75+86.98cpm 2.
o1} 244 7b9] wla) ThA] ok7k 7t

Sof| = 477.88+

284.13

Sl = 156.63
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Fig. 4. The effect of vitamin-C and growth hormone on catalase
activity in the lung from rats injected with LPS

Fig. 5. The effect of vitamin-C and growth hormone on catalase
activity in the liver from rats injected with LPS
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Fig. 6. The effect of vitamin-C and growth hormone on i-NOS activity
in the lung from rats injected with LPS

Ha| A= #2438 wom (p= 00001, 0.007) thtel] v e B
& X2 HYth (p = 0.001, 0.334) (Table 5, Fig. 6). 7+ 7 o] A1
3H-L-Citrulline] }& 24 A7} Fojl = 428.00+7345cpm ©] 1,
48 N7+ Fol| = 40550+10143cpm O 2 vho] H]Bke 244 7+
ol Al EA3] ¥okom (p = 00001, 0273) Thatel] ¥ W& & 244)
el 3 £A8 RAL BA = 22 X8 At
(p =0.106, 0.099) (Table 5, Fig. 7).

Wz 45 2o A8 gle ARAA d 2 F29 Tad
Pz 2AFA £2AS ioﬂ Th(Fig. 8-1, 8:5).
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Fig. 7. The effect of vitamin-C and growth hormone on i-NOS activity
in the liver from rats injected with LPS
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THFig. 82). A5AH 2 A& &7 g3
dioll= Aol 717he 2327 S
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= A9 E 7 UATHFg. 87). 7Hll X &= 244 Zhe ol A ¥F F R
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272 A thFig. 8-3).
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Fig. 8-1. Microscopic finding in the liver from control group of rats Fig. 8-2. Microscopic finding in the liver from rats injected with LPS

(H&E stain, X 100) only, at 24 hours after the injection. Sinusoid vasodilation and mild
destruction of lobular structure are showed. Microcystic fatty
degeneration is also observed.(H&E stain, X 100)

Fig. 8-3. Microscopic finding in the liver from rats injected with LPS Fig. 8-4. Microscopic finding in the liver from rats injected with LPS
and Vitamin-C at 24 hours after the injection.(H&E stain, X 100) and growth hormone at 24 hours after the injection.(H&E stain, X 100)

Fig. 8-5. Microscopic finding in the lung from control group of Fig. 8-6. Microscopic finding in the lung from rats injected with LPS

rats(H&E stain X 100) only, at 24 hours after the injection. Thickening of alveolar structure
and interstitial edema are distinct. Neutrophil and lymphocyte infiltra-
tion are also observed. (H&E stain X 100)
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Fig. 8-7. Microscopic finding in the lung from rats injected with LPS
and Vitamin-C at 24 hours after the injection.(H&E stain X 100)
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Fig. 8-8. Microscopic finding in the lung from rats injected with LPS
and growth hormone at 24 hours after the injection.(H&E stain X 100)
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