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NO3/NOg levels in blood and principal organs in rats treated with lipopolysaccharide

Kazue Sakemi, Yasuo Ohno and Mitsuhiro Tsuda *

It is well revealed that activation of macrophages stimulated by endotoxin resulted in induction
of nitric oxide synthase which catalyze nitric oxide (NO) formation from L-arginine. Consequently,
blood concentrations of NOs /NO3s (NOy ) are shown to increase.

We studied on pharmaco/toxicokinetics of NO, in serum and principal organs in Wistar male
rats after i.p. administrations of LPS and NaNO;. The serum levels of NOy; at 1h and 6h after
nitrate administration (10 mg/kg, i.p.) were 240 and 120 M, respectively. Tissue levels of NO; in
lung, liver and kidneys were ca.l/2 of the serum level. Those levels in spleen and brain were ca.1/4
and /10 of the serum level, respectively. The correlation of NOy levels in serum and these 5 organ
tissues between 1h and 6h after administration of nitrate was r = 0.992 suggesting no specific
accumulation of NOy in these organs. The serum level of NOy at 18h after LPS treatment (1
mg/kg,ip) was 430 M. The correlation of NOy levels in serum and 5 organ tissues between LPS
and nitrate administrations was shown to ber = 0.851. NOy levels of serum, lung, kidneys and
brain showed good correlation but liver and spleen showed out of the correlation. The liver tissue
level of NO, after LPS treatment was low compared with the expected value from the serum
level. The reason may be explained partially by the liver weight increase and the liver toxicity with
increased GPT and y-GT levels due to LPS. Contrary to this, NOy level of spleen tissue after
LPS treatment was more than 2-fold compared with the expected value from the serum level
suggesting NO formation in the spleen. This was supported by the markedly high concentration
(73.2 nmol/g tissue) of NOs in the spleen tissue. NOs levels in lung (34.5 nmol/g tissue) and brain
(14.3) were also found to be significantly high after stimulation with LPS suggesting NO formation
in these organs.

Increased formation of NOs in these organs by LPS stimulation suggests the formation of
active nitrogen oxides such as NoO3 which is an effective nitrosating agent in non-acidic conditions
n vivo.

Keywords: lipopolysaccharide (LLPS), organ tissues, nitric oxide formation, nitrite/nitrate, reactive
nitrogen oxides
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Each point with the vertical line represents the mean + S.D.
for 4 rats. Pharmacokinetic parameters analyzed by Gauss-
Newton method (WinNonlin nonlinear estimation program) are
as follows : Cmax 341 nmol/ml, AUC® ® 1141 nmol-Wml, ty,
2.3h.

Fig. 1. Serum concentration profile of NO5/NOQOs in male rats
after 1.p. administration of NaNOj3; at a dose of 10

mg/kg
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Table 1. NOg3/NOjlevels of serum and various organ tissues in rats after administrations of LPS, NaNQ; or saline

LPS (18h) NaNO, (1h) NaNO, (6h) Saline (1h)
NO,/NO; NO, NO,/NOy NO, NO,/NOy NO,; NO,/NOy NO;

No. of rats 4 4 4 4 4 4 4 4
Blood (nmol/ml) 431.9£120.7 155+096" 241.6x315 108+025% 1155x124 103046 246+6.03 9.97x042
Organs (nmol / g tissue)

Lung 2393+450 345+884° 1137216 0.11:022% 587:670 1.29+156 16.1+824 040+0.57

Kidney 187.1£60.1  19.5+4.65° 1064+163 138:086° 588x114 14.4x2.06 23.6+7.11 124+1.83

Liver 87.0+287 21.6+4.80 96.6+6.34 18.1x1.26 622325 17.9+099 333+155 182x1.07

Spleen 2487+68.1 732+309% 605+357 7.87+065% 38.0+822 872x508 206+4.69 10.7+6.83

Brain 578119 143+264° 1754895 306x1.66° 183317 6.06x291 540+396 2.64+046

Data are shown by mean + S.D..

Numbers in parenthesis are h after administration.
Significantly different between a and a, b and b, d and d, e and ¢ at p<0.01, between ¢ and ¢ at p<0.05.

t

Table 2. Body and organ weights in male rats after i.p. administrations of LPS, NaNOQj; or saline

Saline” NaNO," Saline? LPS?
No. of rats 4 4 4 4
Body weight (g) 2255+175 221.5+98 185.8 +3.3 182.0+7.1
Organs (g)
Lung 0.85+0.08 0.86 = 0.08 0.75 = 0.03 0.86 £0.13
(0.38 £ 0.01) (0.39 +0.02) (0.40 £ 0.02) (047 £0.05) *
Kidney 1.61 £0.08 1.54 +0.05 1.32£0.12 1.40£0.10
(0.71 £0.03) (0.70 £ 0.02) (0.71 £ 0.05) (0.77 £0.03) *
Liver 7.53+221 7.19 £0.40 5.65 +0.69 6.56 = 0.51
(3.30 £ 0.69) (3.24 £ 0.05) (3.04 £0.33) (3.60 £ 0.22) **
Spleen 047 £0.04 0.47 £0.03 0.42 +£0.02 0.54 = 0.04
(0.21 £0.01) (0.22+£0.00) ** (0.22 £0.01) (0.29 £0.01) **
Brain 1.71 £ 0.04 1.72 £ 0.08 1.78 £ 0.07 1.76 £ 0.07
(0.76 = 0.06) (0.78 £ 0.05) (0.96 + 0.05) (0.97 £ 0.02)

1) Wistar male rats (8w) were treated with NaNO, (10 mg/kg, i.p.) or saline (5 ml/kg, i.p.). 1h after the treatment,
weighed body weight and collected blood (0.5 ml), and then autopsied to obtain the organs described.
2) Wistar male rats (9w) were treated with LPS (1 mg/kg, i.p.) or saline (5 ml/kg, i.p.). Eighteen hours after

the treatment, weighed body weight and collected blood (0.5 ml), and then autopsied to obtain organs described.

Food was removed 16h before administration and during experiment.

Data are shown by mean + S.D.. Numbers in parentheses are relative organ weight values.
* and ** show significant difference from the saline at p <0.05 and p <0.01, respectively.
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Table 3. Clinical biochemistry findings for serum obtained from male rats 18h after treatment with LPS
Biochemical test Treatment
Saline LPS
Total protein (TP)® g/dl 5.96 +0.18 5.61+£0.38
Albumin (Alb)? g/dl 428 +0.20 3.88+0.09 *
Albumin-globulin ratio (A/G) 2.56 £ 0.35 2.31 £0.50
Blood urea nitrogen (BUN)” mg/dl 13.3£25 228+22 **
Creatinine (CRN)® mg/dl 0.29 +0.03 0.29 +0.03
Glucose (Gle)®? mg/dl 124 £ 15 129 +21
Phospholipid (PL)? mg/dl 97+ 6 1349 ok
Triglycerides (TG)® mg/dl 61 £24 12028  *
Total cholesterol (TCho)® mg/dl 44+5 T1£10  **
Alkaline phosphatase (AIP)? mU/ml 608 = 45 501 £24  **
Alanine aminotransferase (AIT, GPT)? mU/ml 49+ 13 113£22  **
Aspartate aminotransferase (AsT, GOT)® mU/ml 218 £ 100 204 + 71
7 -glutamyltransferase (7-GT)y mU/ml 0.09 +0.16 0.66 040 *
Leucine aminopeptidase (LAP)® mU/ml 52%2 481 *
Calcium (Ca)® mg/dl 9503 95+£05

1) Wistar male rats were treated intraperitoneally with saline or LPS (1 mg/kg).

Values represent mean + S.D. (n =4).

* and ** show significant difference from the control at p < 0.05 and p < 0.01, respectively.

Test kits used were obtained from a) Wako Pure Chemical Industries,

c) Boehringer Mannheim
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Fig. 2. Correlations of NOs/NOj levels in serum and various organ tissues in male rats after i.p. administrations of NaNO;

and lipopoly saccharide (LPS)
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Fig. 3. NO;s levels of serum and various organ tissues in male
rats after administrations of LPS, NaNO; or saline
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