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Zinc therapy has been advocated by Chvap il to ameliora te cer ta in

aspects of selected i n f l a m m a t o r y  diseases based on the  hypothesis  that

z inc con t r i bu t e s  to the s t a b i l i t y  of membranes (1). Zinc sulfate

given 
~~~ 

os has in fact been used in patients to treat ulcers (2)

and rheumatoid arthritis (3) with some indication of mild success.

In rats, zinc chloride administered ip, is effec tive in muting the

toxicity of endotoxin (4) or alcohol (5) when these agents are also

administered ip. The protection afforded by zi nc agains t the le thal

e f fec ts of endotoxin appears to be limi ted to the case where endo tox in

is adm in istered ip and involves , in some as yet undefi iner ,

reduction in the absorption of the toxin from the peril..n. - cavity

(4). We have also recentl y observed that concomitant ip injections

of ZnCI
2 

have a d i f f e r e n tial e f f e c t as regards the le thal i ty of

bac terial in fec tions in ra ts, enhanci ng the mor tali ty of mu r ine

typhoid but both slowing the onset of death and somewhat muting

the mor tali ty due to tularemia and pneumococcal sepsis (6).

In li gh t of the above f i nd ings in ra ts and the po ten tial use of

zinc sal ts in the trea tmen t of cer tain inflamma tory diseases in

pa t ien ts, we thought it advisable to ascertain what ate the effects

of zinc salts themselves on the host. We directed our attention to

• P the effec ts of ip injections of varying amounts of ZnC1
2 

on amino

acid and p lasma pro te in met aboli sm beca use zin c has been impl ica ted

as a co—fac tor in the metabolism of certain amino acids and the

synthesis of pro te ins (7 , 8) .
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Materials and methods. Fisher—Dunning male rats , 200—225 g

(Microbiol ogical Associates , Walkersvillc , Md.) were used in all

studies and were fasted after the Injection of zinc chloride or ,

in the case of the contr ols , physiological saline . Zinc chloride

(Fisher Scientific , Fairlawn , N.J.) was dissolved in sterile saline.

Plasma and tissue zinc content was determined by atomic absorp ti on

spec trophotometry (9). Tue tissue samples (1 g) were solubilized

by the addi tion of 1 m l of 25% tetrame thylammon iurn hydroxide (10).

To assess amino acid transport the rats were injected sc with 1 ~iCi

[
14
C]aminoisohutyric acid/lOO g body weight 24 hr prior to the

injection of zinc chloride or saline (11). Pheny lalanine and

tyrosine concent ra tion in plasma were determined using a Beckman

mod el 121 M amino ac id an al yzer (Beckman Instruments , Silver Spr i ng,

Md.). Plasma glucagon and insul in were measured by doubl e an t ibod y

radl oinirnunoassay (12). Plasma seromucoid was determined according

to the procecure of Neuhaus et al. (13); u
2
—macrofetoprotein by

radial immunoassay (14). Plasma ~—glucuronidase acitivity was

meas ure d as descr ibed prev iously (4). Total white blood cell

coun t was de ter m in ed wi th a Coul ter coun ter and the d i f f e r e n t ial

by coun t ing 100 wh ite cells in thin smears. Stati’;tical significance

was assessed by analysis of variance.

Results. The plasma zinc concentration at 5 hr after ip

injection of ZnCI
2 

is a curvilinear function of the dose

adminis tered with a significant Increase versus controls at 8 and

16 mg/kg bod y weight (Fig. lA). In contrast , hepatic zinc conten t

is a linear func tion of the dose , while skeletal muscle content

remains unchanged (Fig. 111). Amino acid uptake by liver and muscle ,
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14approx ima ted by the E C)amlnoisobutyrate (AIr.) content of these

tissues is depicted in Fig. 2. There was an Increased up take of

14
C—AIB into liver 5 hr after ip injection of either 8 or 16 mg/kg

ZnC12. Muscle on the other hand displayed a sl ight , albeit

statistically significan t , decrease In ‘4C—AIB content at 2, 4 and

16 mg/kg. The insert in the upper left corner of the figure indIcates

that there were no statistically significant alterations in

peri pheral plasma glucagon or insulin for any dose of zinc at 5 hr.

Another evidence of altered amino acid distribution or metabolism is

the p lasma pheny lalanine/tyrosine (PIT) ratio. There is a si gnificant

increase in the plasma P/T ratio at 4, 8, and 16 mg ZnCI
2 

(Table I).

Evidence of tissue damage and/or inflammation 5 hr after the ip

Injection of vary ing amoun ts of ZnC 1
2 

are also presented in Table I.

There is a significant increase in the percent neutrophils in the

blood at 4—16 mg of ZnCl
2 
but no change in total white blood cell

count . There is an Increase in plasma ~3—glucuronidase activity but

onl y at the 4 mg/kg dose of ZnC12. There is histologic evidence of

localized inflammation in 25% of the livers taken from animals given

8 mg and in 100% of the livers taken from animals given 16 tug ZnC12.

Twenty—four hours after the Ip injection of vary ing amoun ts of

ZnCI , plasma zinc concen tra t ions was still signi f ican tly above
2

control values in those animals given 8 or 16 mg (Table IT). In

contrast to 5 hr postinoculation , all rats receiving zinc disp layed

significant decreases in total white cell coun t , hut only those

which had received 8 or 16 mg zinc showed an Increase in percent

neutrophils. There was a small but significan t increase in

seromucoid concentration at 24 hr after 8 or 16 tug of ZnC1
2
.
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Al pha
2

— m a c r o f e t o p r o t ein  was de tec tab le  in the p lasma of those rats

receiving 4—16 tug of ZnC12 wi th  greater levels of this fe tal

globulin being found at the hi gher doses of z i n c .

Discuss ion . Zinc salts are dell known for  the i r  i r r i tan t

properties. Thus , it is surpr i s ing  tha t  on the  one hand z i n c  sal ts

may, in certain well—defined ins tances , be of po ten t i a l  t h e r a p e u t i c

value (2 ,3) and on the other that these irritant properties are

overlooked in experiments involving the parenteral administration

of zinc salts. This paper presents evidence that the ip injec tion

of ZnC1
2 

produces systemic manifestations of inflammation comprised

of (but not necessarily limited to) neutrophil ia, zinc and amino acid

redistribution and alterations in plasma protein concentration .

Neutrophilia is not uncommon during infection and inflammation

and can be produced in healthy animals by the injection of a factor

(or factors) derived from leukocytes (15 ,16). A decrease in plasma

zinc concentration and an increase in hepatic zinc content have been

demonstrated during inflammation and infection (17,18) and also can

be elicited by leukocytic derived factors (LEM) (19). The uptake

of zinc by liver presumably involves the formation of metallothionein

(20 ,21); there is evidence that hepatic synthesis metallothionein—

like proteins can be induced by LEM (22). Increased amino acid -

transport into l iver has been observed during a number of infections

(11,18) and inflammation (17) and also can be elicited by the

injection of LEN (23). An increase in the serum phenylalanine

tyrosine ratio has been detected during a wide variety of infections

in man and experimental animals and can be produced by the repeated

injection of LEN (24—27). Increased plasma seromucoid concentration

__ 7
~
_’• — — ~~~~~~~ ~~~~~~~~~~~~~ - ~~~~~~~ — - --- ~~~~~~~~~~~~~~~~~~~~~ 

- -
~~~~~ 

- -~~~~ - ~~~~~~~ — —



6

and the dectectable presence of a
2
—Tnacrofetoprotein in the plasma

occurs during Inflamma tion and infection (17,18,26) and in response

to LEM (28).

The ip injection of 4—16 tug of zinc chloride in sterile

saline el icits all of the above reactions , neutrophilia , amin o ac id

and zinc uptake by liver, increased plasma phenylalanine tyrosine

ratio and both increased seromucoid concentration and the presence

of u
2
—ntacrofetoprotein in the plasma . The occurrence of all these

systemic sequelae and indices of inflammation are consonant with

the known irritant properties of zinc salts.

Moreover , the presence of hepati c capsulitis in those animals

receiving the 8 and 16 mg doses of ZnCl2 
indicate localized inflammation .

The significant increase in plasma g—glucuronidase activity at the

4—m g dose of ZnC1
2 
is consistent with tissue damage , particularly

liver (29). Considering the presence of capsulitis at 8 and 16

mg of ZnCl
2 

the absence of additional increases in plasma

8—glucur onida se  is su rp r i s ing ,  but consider ing the proposed role

of zinc In stabilizing membranes (1) may not be totally unexpected.

It is conceivable tha t  a l though  the hi gher concentra t ions  of ZnCl 2

induce a greater degree of inflammation, they also reduce the release

of certain lysosomal enzymes. Finally, although increases in glucagon

and Insulin have been Implicated in the enhanced uptake of amino acids

by liver produced by LEM (30) these hormones appear not to he operative

in this  Ins t ance , In that no significan t alterations in either hormone

are detectable at any of the doses of zinc chlor ide .

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . • •. — -  - -  •• - -_- - .-_-
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To what degree these metabol ic  and ph ysiol ogic seq uelne , as well

as LEN i tself , p lay a role in the p ro tec t ive  (4 ,5 ,3 1—33) a c t i v I t i e s

a t t r i b u t e d  to z inc  remain  to be assessed . For example , i t  has been

proposed tha t  cer ta in  of the metabol ic  a l t e r a t i o n s  which do occur

d u r i n g  i n f e c t i o n s, presumabl y a resul t  of LEN , may be of b e n e f i t  to

the hos t (34) .  Also , it is not clear to what ex ten t  the  induc t ion

of hepatic and intestinal metallothionein (21,35) or cz—aminol.evulinic

acid dehyra tase in red blood cells (36) is a direc t ef f e c t of z inc

itself or an ind irec t e f f ec t arising f ro m the in f la nuna tory proper t ies

of zinc sal ts .  This is not to say t ha t  all of the consequences of

in jec t ion  of z i n c  salts can be ascribed to in f l ammat ion  and are

mediated by LEN , but rather that inflammation and LEN mus t  hc taken

into considerat ion when zinc salts (or other po t en t i a l  i r r i t a n t s )

are administered parentera l ly .

Summary

The ip in jec t ion of z inc  chloride (4—16 mg/k g) produces a

curv il inear increase in plasma zinc concentration , a linea r increase

in liver zinc conten t , and an increase in the hepatic uptake of

(
14
C]anminoisobutyrate which are significantly greater than control

values. This dose range of ZnC1
2 

also produces neutrop hilia , increases

in the plasma pheny la lanine/tyros ine  ra t io  and scromucoid and the

appearance of u 2—mac rofetoprotein in the p lasma , al l of which are

indicative of inflammation . It Is suggested that  some of the

protective and metabolic  e f f e c t s  ascribed to zinc may in f a c t  be

the result , at least in pa r t , of t he I nf la mma tion wh ich occu r s

when zinc salts are injected ip.

~~~~ ~~~~~~~~~~~~~~ 
.— --—- —

_

~~~~~
_ :•.• •.

__
~~

•%.,
• _

- 
_-; _ •;~

,__ _ _v_ -•- ’ - — ~~~~—-—— —~~-------~~~



8

References

1. Chvapil , M., Med . Clin . N. Am. 60, 799 (1976).

2. Frommer , D. J . ,  Med . J. A u s t .  2 , 793 (1975).

3. Simkin , P. A . ,  Lancet 2 , 539 (1976).

4. Sobocinski , P. Z . ,  Powanda , N. C . ,  Can terbury ,  W. J., Machotka ,

S. V., Walker , R. I., and Snyder , S. L., Infect. Immun.  15,

950 (1977).

5. Yunice , A. A., and Lindeman , R. D . ,  Proc . Soc . Exp . Biol . Med.

154, 14’

6. Sohoci . •~~., Powanda , N. C . ,  and C a n t e r b u r y ,  W. J . ,  Proc .

Soc . Exp . Biol. Med . In press , (1977) .

7. Hsu , J. M . ,  Anthony,  W. L . ,  and Buchanan , P. J . ,  Proc. Soc .

Exp. Biol. Med. 127 , 1048 (1968).

8. Hsu , J. N . ,  Anthony,  W . L . ,  and Buchanan , P. J . ,  J. N u t r .

99, 425 (1969).

9. Pekarek , R. S . ,  Beisel , U. R . ,  Bartell.oni , P. J . ,  and Bostian ,

K. A., Am . J. Clin. Pathol . 57 , 506 (1972).

10. M u r t h y,  L . ,  Mender , E. E., Elier , P. M . ,  and Peter ing,  H . C . ,

Anal. Biochem . 53, 365 (1973).

11. Wannemacher , R. W . ,  J r . ,  Powanda , M. C . ,  and Din terman , R. E.

I n f e c t .  Imumun . 10, 60 (1974) .

12. Rocha , D. N., Santeusanio , F., Faloona , C. R., and linger , H. H.,

N. Engl. J. Med . 288, 700 (1973).

13. Neuhaus , 0. W . ,  Balegno , II. F., and Chandler , A. M., Am. J.

Physiol. 211, 151 (1966).

14. Welmer , H. E., and Benjamin , D. C., Am. J. Physiol. 209, 736

(1965).

— —~ — •.I_ ._ 
~~~ ~~~~~~~~~~~~~~~ 

_ -_-.~
----— —_——.f ._• - •

_ 
- • - — --  --_ _ - • - - _ _ - 

~-_ ——-—--v -
~~~



. 1

15. Kampschmidt , R. F . ,  U pc hm urc b , Ii. F . ,  Eddingt on , C. L . ,  and

Pul l iam , L. A . ,  Am. J. l’hysiol. 224 , 530 (1973).

16. Napes, C. A., and Sobocinski , P. Z., Am. J. Physiol. 232 , Cl5

(1977).

17. Powanda , N. C., Cockerell , C. L., and i’ekarek, H. S., Mt. J.

Physiol .  225 , 399 (1973).

18. Powanda , N. C., Cockerell , C. L., Moe , J. B. Abeles, F. B.,

Pckarek , R. S . ,  and Canonice , P. C . ,  Am. J. Phys iol .  229 , 479

(1975).

19. Pekarek , R. S., Wannemacher, R. W ., Jr., and Beisel , W. R.,

Proc . Soc . Exp . Biol. Med . 140, 685 (1972).

20. Chen, R. W., Eakin , D. J., and Whanger , P. D . ,  N u t r .  Rep . In t .

10, 195 (1974).

21. Richards , N. P., and Cousins , H. J., Biochem , Biophys. Res.

Comrnun. 64, 1215 (1975).

22. Sobocinski , P. Z., , Canterbury, W. J., and Napes, C. A., Fed.

Proc . 36, 1100 (1977).

23. Wannemacher , R. W., Jr., Pekarek , R. S., and Beiael, U. R.,

Proc. Soc. Exp. Biol. Mcd. 139, 128 (1972).

24. Newberne , P. M . ,  fed.  Proc. 25 , 1701 (1966).

p 25. Powanda , H. C., Pinterman , R. E., Wannemacher , R. U., Jr.,

and hlerbrand son , C. D ., Biochem. J. 144 , 17 3 (1974).

26. Powanda , N . C . ,  Kenyon , R . Ii. , and Moe, J. B., Proc . Soc.

Exp . Biol . Med . 151, 804 (1976).

27.  Wannc~macher , R. U., Jr., Klainer , A. S., Dinterman , R. E . ,  and

Beisel, W. R . ,  Am. J. Cl in.  N u tr .  29 , 997 (1976).

— - —.--- 
~~~~~~~~~ 

.
~~~

- :. —.—
~~ — 

- -
~~~



10

28. Pekarek, R., Wannemacher , R., Powanda , H., Abel.es, F., Mosher , D.,

Dinterman , R . ,  And Belsel , W . ,  L i f e  S d .  14, 1765 (1974).

29. Canonico , P. G., Powanda , M. C., C~’ckcrel1 , C. L., and Moe ,

J. B., inf~ ct. Inunun . 12, 42 (1975).

30. George, D. T., Abeles F. B., Mapes , C. A., Sobocinski , P. Z.,

Zenser , T. V., and Powanda , H. C., Am. J. Physiol. in press

(1977).

31. Chvap il , M. , Ryan , J. N., Elias , S. L. , and Peng, Y. N .

Exp. Nolec. Pathol . 19, 186 (1973).

32. Chvapil , N., and Owen , J. A., J. Molc’c . Cell Cardiol. 9,

151 (1977).

33. Phillips , J. L., and Sheridan , P. J., 3. Nat . Cancer inst .,

57, 361 (1976).

34. Powanda , ~‘1 . C., Am. J. Clin. Nti tr. in press (1977).

35. Richards , H. P . and Cousin s, H. 3., Biochem. Biophys. Res.

Commun . 75 , 286 (1977) .

36. Abdulla , H . ,  Haegcr—Aronsen , B . ,  and Svensson , S . ,  Enzyme 21 ,

248 (1976).

_____________ - ‘.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- “~~~

“ 
- _



11

TABLE 1

Evidences of i n f l a m m a t i o n  at 5 hours

Hg ZnC1., __________—-______ Mean SEN 
___________

kg bod y wt Pheny lalanine B — g l u c u r o n i d a s e

‘ryrosine Neut rophuils ~ig/dl Histology

0 (saline ) 0.99 24 63 —

±0.03 ± 2  ± 6

1 1.19 22 57 —

+0.07 ±~~

2 1.23 22 64 —

+0.06 ± 2  + 4

4 1.47 39 101 —

+0.05** + 3** + 8**

8 1.70 34 82 hepatic capsulitis

+0. 05** ± 2* ± 2 2/8

16 1.72 53 84 . hepatic capsulitis

±0.03** ± 2** ± 6 6/6

*P < 0.01, **1) 0.001 vs saline.

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ 

.



12

TABLE 2

Evidence of inflammation at 24 luours

Mg ZnC 1
2 Zinc Total WBC % Seromu coid n 2— m a c r o f e t o g lobu l in

kg bod y wt u g/ d l  x106
/mm 3 N e u t r o p h i l s  mg/ dl  u n i ts/m l

0 127 7.4 15 372 0

±0.6 ± 1

1 135 5.0 17 345 0

± ~ ±0.2** + 1  ±24

2 148 4.9 16 350 0

± ~ ±0.2** ±1 ± 11

4 153 5.5 15 378 1.4

± ~ +0.1** ± 2 ± 10 ± 0 .2

8 173 5.5 34 476 3.6

± ~~~ ±0.4** ± 2** ± 15~~ ±0.3

16 252 5.8 38 478 6.2

± 24** ±0.1* ± 2** ± 34** ±1.5

*p < 0.01 ; **~~~ 0.001 .
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LEGENDS TO FIGURES

Figure la. — Plasma zinc concentration.

lb. — Liver and skeletal muscle ’ zinc concentration.

Figure 2. — [
14

C)Aminoisobuityrate content in liver and skeletal muscle.

Insert: Plasma glucagon and Insulin concentrations .
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