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During the last  few years,  impor tan t  strides have  been made in the sep- 
ara t ion and identif ication of the complex mix tu re  of sal iva proteins.  
Despite the occurrence of PCM all over  the wor ld  and its prevalence  in 
under -developed  areas,  i t  is surpr is ing how little is known concerning va-  
r iat ions in the  saliva proteins  in the disease. On revising the avai lable  lit- 
e ra tu re  publ ished dur ing the last  decade, i t  was  real ized tha t  the data  
are few. The sal iva can be easily collected wi thout  pain  or h a r m  to the 
pat ients  and at the same t ime changes in its const i tuents  might  reflect  
changes in both  funct ion of sa l ivary  glands as well  as might  ref lect  chang- 
es in the in ternal  envi ronment .  Prote in  secretion and catabol ism seemed 
to be  regulated by  the submaxi l l a ry  and sublingual  glands (13). The pro-  
tein synthet ic  capabi l i ty  of the submandibu la r  gland in ra t  is par t ia l ly  
controlled b y  diet (14). 

Studies using f ree  electrophoresis  have  demonst ra ted  tha t  h u m a n  sali- 
va ry  secretion contains a complex mix tu re  of prote in  (17) (7). 

hnmunochemica l  exper iments  have  established tha t  at  least  7 blood 
proteins  including a lbumin  and gammaglobul ins  are present  or have  their  
counterpar t s  in normal  sal iva (4) (20). Strober et  al. (21) found tha t  the al- 
bumin  specific act iv i ty  in se rum and sal iva was equal, whereas  the sali- 
v a r y  IgG specific act ivi ty  was  approx ima te ly  45 ~ of tha t  in serum, indi- 
cating tha t  all the sa l ivary  a lbumin  and about  half  of the sa l ivary  IgG 
originate f rom the plasma.  The  specific act ivi ty  of IgA in sal iva was only  
1 to 8 % of tha t  of se rum at  the corresponding time. There fore  at  least  
96 ~ of the sa l ivary  IgA is synthesized at local sites. Thus one m a y  ar r ive  
to the conclusion tha t  the  ma jo r  sa l ivary  glands are not a lways  the  main  
contr ibutors  of the proteins.  

The present  work  was  pe r fo rmed  to s tudy the changes of sa l ivary  pro-  
tein components  in order  to realize the state of sa l ivary  glands in different  
grades  of our malnour i shed  cases. 

*) Supported by a grant by the Department of the United States Navy, R e -  
search Project, No. 00014-71-C-0137. From the American University, National 
Research Centre and Cairo University Faculty of Medicine, Cairo. 
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Table  1. Values  for sal iva t o t a l  p ro te ins  a n d  the i r  s epa ra t ed  p ro t e in  

Disease  Tot .  Pro-  A l b u m i n  ~l -Ant i -  cr 
prof .  a lbumin  t r y p s i n  globulin 

Control  15 - -  101 0.00 - -  29.00 0.00 - -  8.00 
(15) 67 • 6 19.04 d- 2.25 4.21 4- 0.76 

2 n d M a r s .  2 7 - - 1 7 0  0 . 0 0 - -  5.30 3 . 2 9 - - 4 6 . 1 2  0 . 0 0 - -  9.64 0 . 0 0 - -  3.49 
(22) 65 • 7 1.16 • 0.34 17.79 q- 2.20 4.52 ~: 0.69 0.16 -V 0.16 

pc 0.1 0.001 0.1 0.1 0.1 

3rd Mars.  24 - -  170 0.00 --  4.00 4.33 --  53.46 0.00 - -  19.00 
(15) 80 ~ 11 1.19 ~= 0.40 22.48 =[= 4.02 4.64 4- 1.31 

pc 0.1 0.01 0.1 0.1 
pd 0.1 0.1 0.1 0.1 

Mod. Kwo.  62 - -  227 0.00 --  6.74 20.16 - -  57.06 0 . 0 0 -  14.74 0.00 --  6.40 
(9) 133 J= 20 2.16 ~ 0.93 35.48 :j= 4.56 7.75 =[= 1.83 1.56 • 0.74 

pc 0.1 0.05 0.01 0.1 0.05 

Scv. I~wo. 75 --  501 0.00 - -  10.87 12.26 - -  191.0 3.85 --  18.78 0.0 - -  25.04 
(19) 243 • 53 3.41 ~ 1.54 57.52 -I- 18.70 10.62 d- 1.75 5.83 J: 2.80 

pc 0.001 0.1 0.05 0.001 0.05 
pd 0.1 0.1 0.1 0.1 0.1 

Mars.  Kwo .  30 --  341 0.00 --  8.28 2.79 - -  92.51 0.00 - -  45.32 0.00 --  8.48 
(15) 125 4- 27 1.64 ={= 0.78 32.35 -4- 9.90 10.22 =t= 3.31 0.56 -4- 0.20 

pc 0.05 0.05 0.1 0.05 0.01 

pc w h e n  c o m p a r e d  to  cont ro l  
pd when  compared  to  disease 
0.1 no t  s ignif icant  

Material and methods 

A n u m b e r  of 70 P C M  cases  a d m i t t e d  to t he  Mo u n i r a  Ch i ld ren  Hospi ta l ,  U n i -  
ve r s i ty  of Cairo, f o r m  the  m a t e r i a l  of  th i s  s tudy.  The i r  age  r a n g e d  f r o m  6 to 36 
mon ths .  Cases  w e r e  se lec ted  f r ee  f r o m  in fec t ion  or  any  assoc ia ted  compl ica t ion .  
On cl inical  r e a sons  a n d  as s h o w n  p rev ious ly  (18), cases  w e r e  ca tegor ized  into:  

37 m a r a m u s  (22 2nd grade,  15 3rd grade)  
18 k w a s h i o r k o r  (9 mode ra t e ,  9 severe)  
15 m a r a s m i c  k w a s h i o r k o r  

15 hea l t hy  in fan t s  a n d  young  ch i ld ren  of s imi la r  age  r a n g e  and  socio-  
economic  s t a n d a r d  w e r e  inc luded  to s e rve  as controls .  A f a s t i ng  m o r n i n g  who le  
sa l iva  s am p le  w a s  col lected f r o m  each  sub jec t  du r ing  an  o p t i m u m  in t e rva l  of 36 
minu tes .  A f t e r  c lean ing  the  bucca l  cavi ty,  s te r i l i zed  cot ton  p lugs  w e r e  p l aced  in 
t he  m o u t h  us ing  s ter i le  forceps .  S a m p l e s  col lec ted  d u r i n g  the  f i r s t  5 m i n u t e s  
w e r e  re jec ted .  These  co t ton  p lugs  n e w l y  a d m i n i s t e r e d  a f t e r  be ing  soaked  w e r e  
p laced  in a p las t ic  syr inge,  compressed ,  and  t h e  con ten t s  w e r e  r ece i v ed  in a 
W a s s e r m a n n  tube.  

Up to  4-5 m] of sa l iva  f r o m  each  p a t i e n t  w e r e  col lec ted  in th is  way.  Samp l e s  
w e r e  t h e n  c e n t r i f u g e d  fo r  15 m i n u t e s  at  3000 rpm.  and  the  s u p e r n a t a n t  w a s  sep -  
a ra ted  in  a n o t h e r  tube .  Sa l iva  w a s  t h e n  ana lysed  fo r  to ta l  p ro t e ins  by  the  
t echn ique ,  de sc r ibed  by  Pesce and  Strande (16). E l ec t rophore t i c  s e p a r a t i o n  of 
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c o m p o n e n t s  rag /100  m l  in  con t ro l s  a n d  m a l n o u r i s h e d  cases.  

I-Iapto- Tr~ns -  ~. -Lipo-  I g A  IgM IgG 
g lob in  s p r o t e i n  

0.00 - -  13.13 0.00 - -  17.88 0.00 --  6.00 5.43 - -  40.25 0.O0 --  4.60 0.00 --  15.00 
6.63 • 1.33 7.64 ~: 1.55 1,25 :J: 0.51 20.96 -F 3.02 1.18 -J: 0.46 5.32 ~ 0.94 

0 , 0 0 -  19.07 0 . 0 0 -  16.12 0 . 0 0 - -  4.00 0 . 0 0 -  41.23 0 . 0 0 - -  5.55 0 . 0 0 - -  25.24 
6.99 :J: 1.15 7.70 :J: 1.08 0.82 • 0.33 14.07 • 1.79 2.02 ~: 0.42 7.54 ~ 1.33 

0.1 0.1 0.1 0.1 0 . i  0.1 

0.00 --  18.00 0.00 -- 21.00 0.00 - -  5.55 3.61 --  44.56 0.00 - -  7.00 0.00 - -  30.00 
7.21 -4- 1.23 8.22 ~ 1.75 1.37 -4- 0.55 18.73 :J: 3.26 2.01 -4- 0,71 12.25 ~ 1.94 

0.1 0.1 0.1 0.1 0.1 0.01 
0.1 0.1 0.1 0.1 0.1 0.1 

2.77 - -  23.00 2.24 - -  24.00 0.00 --  5.27 3.56 --  46.00 0.00 --  10.00 12.32 --  59.0 
11.36 J:  2.60 13.13 j :  2.60 1.93 • 0.79 23.22 • 4.04 4.64 4- 1.31 30.43 ~: 5.70 

0.1 0.1 0.1 0.1 0.5 0.001 

2.75 - -  46.9 7.36 - -  58.43 0.00 - -  t0 .00  10.3 --  110.0 0.00 - -  20.14 9.81 - -  130.0 
19.70:~: 4.13 23.8 :L 6.56 4 . 4 2 ~  1.48 49,8 i 10.90 8 , 5 6 ~  2.61 61,51 ~ 15.10 

0.01 0.05 0.1 0.05 0.01 0.001 
0.05 0.1 0.1 0.05 0.1 0.1 

0,00 - -  54.28 0,00 - -  33.10 0 , 0 0 - -  24.80 0,00 - -  48.71 0.00 - -  18.52 6.83 --  95.42 
13.47 4- 3.54 9.13 :j= 2.13 3.02 :J= 1.68 21.51 :t= 3.63 3.87 :J= 1.59 28.08 ~ 6.98 

0 . I  0 . I  0.1 0.I  0.1 0.001 

0.05 s igni f icant  
0.01 m o d e r a t e l y  s igni f icant  
0.001 h i g h l y  s ign i f ican t  

s a l i va  t o t a l  p r o t e i n s  w a s  as g i v e n  b y  Johanson (9) a n d  q u a n t i t a t e d  (3) b y  t h e  
a d d i t i o n  of 2 ml.  N/50 NaOH.  A n t i s e r a  to  I gA  i m m u n o g l o b u l i n  (ant i  a - c h a i n )  
w a s  p r o d u c e d  b y  t h e  m e t h o d  d e s c r i b e d  b y  Brandtzaeg (1). E s t i m a t i o n  of I gA  
c o m p o n e n t  as  c a r r i e d  ou t  b y  t h e  r o c k e t  immunoelectrophoresis  (11). 

Results and discussion 

V a l u e s  of  s a l i v a  t o t a l  p r o t e i n s  a n d  t h e i r  s e p a r a t e d  c o m p o n e n t s  f r o m  15 
h e a l t h y  c o n t r o l  c h i l d r e n  a n d  70 m a l n o u r i s h e d  c a s e s  a r e  s h o w n  i n  t a b l e  1. 
T a b l e  2 s h o w s  t h e  c o n c e n t r a t i o n  o f  i m m u n o g l o b u l i n s  a n d  t h e  r a t i o s  of  
I g G  to  I g A  a n d  I g M  i n  u n s t i m u l a t e d  w h o l e  s a l i v a  of  c o n t r o l  g r o u p  a n d  
m a l n o u r i s h e d  cases .  T h e  r a t i o s  o f  I g G / I g A  a n d  I g G / I g M  w e r e  h i g h  i n  n o n -  
o e d e m a t o u s  a n d  m o r e  h i g h e r  t h a n  n o r m a l  i n  o e d e m a t o u s  cases .  T a b l e  3 
s h o w s  v a l u e s  f o r  I g A  i m m u n o g l o b u l i n ,  d e r i v e d  f r o m  s a l i v a r y  g l a n d s  a n d  
f r o m  b l o o d  s e r u m  i n  10 h e a l t h y  c o n t r o l  c h i l d r e n  a n d  48 c a s e s  of  d i f f e r e n t  
g r a d e s  o f  P C M .  T h e  d a t a  o b t a i n e d  a r e  r e p r e s e n t e d  i n  f i g u r e  1. 

F r o m  o u r  b i o c h e m i c a l  s t u d i e s  o n  P C M ,  i t  s e e m s  n e c e s s a r y  to  a n a l y z e  
w h o l e  s a l i v a  p r o t e i n s ,  s i n c e  t h e  b l o o d  p l a s m a  a n d  t i s s u e  b i o p s y  c a n n o t  b e  
e a s i l y  h a n d l e d  f r o m  a g r e a t  n u m b e r  o f  y o u n g  s e v e r e  m a l n o u r i s h e d  c h i l d -  
r e n  a n d  to  c o m p a r e  w i t h  a n o t h e r  g r o u p  of  c o n t r o l s .  A l so ,  i t  is  v a l u a b l e  to  
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Table 3. IgA immtmoglobulin (mg/100 ml) derived from blood serum and sal ivary 
glands in control and malnourished cases. 

Classification groups No. of IgA immunoglobulin derived from; 
cases blood serum sal ivary glands 

Control 10 1.50 --  5.50 2.00 --  28.60 
3.72 J= 0.41 12.00 =~ 2.56 

Marasmus, 2nd grade 10 1.80 --  10.00 4.20 --  31.23 
5.03 • 0.98 12.12 • 2.50 

0.10 0.10 
3rd grade 10 2.10 --  11.00 3.81 - -  23.33 

5.58 ~= 0.97 11.22 • 2.12 
0.10 0.10 

Kwashiorkor,  moderate  9 2.00 --  27.00 1.56 --  19.00 
13.00 ~= 2.50 10.22 =~ 1.84 

0.001 0.10 
severe 9 7.00 --  95.00 3.30 --  15.00 

41.88 ~= 9.80 7.92 ~= 1.18 
0.O01 0.10 

Marasmic kwashiorkor l0  2.60 --  23.30 2.00 --  15.31 
12.06 ~ 2.26 8.32 • 1.46 

0.001 0.10 

s t u d y  t h e  e f fec t  of p r o t e i n  d e f i c i e n c y  on  t h e  a c t u a l  s t a t e  of  s a l i v a r y  g l a n d s  
on  m a l n o u r i s h e d  ch i ld ren .  S a l i v a r y  c o n s t i t u e n t s  do n o t  a t t a i n  a s u b -  
s t a n t i a l  r a t e  of  s e c r e t i o n  b e f o r e  8 m i n u t e s  (15). O u r  co l l ec t ion  of s a l i v a  
w a s  p e r f o r m e d  a t  30 minu te s .  The  u t i l i z a t i o n  of d i f f e r e n t  s t i m u l a t o r s  
s o m e t i m e s  for  s a l i v a  s ec r e t i on  u s e d  b y  some  a u t h o r s  m a y  c o n t r i b u t e  to t he  
v a r i a t i o n  of  i m m u n o g l o b i n  l eve l s  (I). A s  a r e s u l t  of  t he  d i f f e r e n t  s tud ies  
p r e v i o u s l y  done  (6, 10, 12, 22, 23), i t  is  n o w  a c c e p t e d  t h a t  13 p r o t e i n  com-  
p o n e n t s  ( p r e a l b u m i n ,  a l b u m i n ,  c t l - an t i t r yps in  , h a p t o g l o b i n ,  ~2-macrog lo-  
bu l in ,  t r a n s f e r r i n ,  l i p o p r o t e i n ,  IgA,  ZgM, IgG,  c~1-acidic g l y c o p r o t e i n ,  ~1- 
l i p o p r o t e i n  a n d  c a e r u l o p l a s m i n ) ,  occur  in  h u m a n  sa l iva .  I n  ou r  c on t ro l  
g r o u p  o n l y  8 p r o t e i n  c o m p o n e n t s  cou ld  be  de tec t ed .  I n  a g r e e m e n t  w i t h  s i -  
m i l a r  f i n d i n g s  (6, 20, 23), a l b u m i n  a n d  I g A  w e r e  t he  c o m p o n e n t s  mos t  e x -  
c r e t e d  in  l a r g e  a m o u n t s  in  s a l i v a  of  o u r  cont ro ls ,  f o l l o w e d  b y  t r a n s f e r r i n ,  
h a p t o g l o b i n .  IgG,  cq - an t i t r yps in ,  f l2-1ipoprotein a n d  I g M  in d e c r e a s i n g  
sequence .  

I n  o u r  m a r a s m i c  cases,  i n s i g n i f i c a n t  changes  of  s a l i v a  p r o t e i n  w a s  ob -  
t a i n e d  ( s l i gh t l y  d i m i n i s h e d  in  2nd m a r a s m u s  a n d  s l i g h t l y  i n c r e a s e d  in  3rd  
g r a d e  as c o m p a r e d  to contro l ) .  I g A  i m m u n o g l o b u l i n  w a s  b e l o w  n o r m a l  in  
b o t h  g r a d e s  of  t h e  d isease .  In  e d e m a t o u s  cases,  a m a r k e d  i n c r e a s e  a m o u n t  
of  s a l i v a  p r o t e i n  c o n t e n t  was  a s soc i a t ed  w i t h  h i g h  l eve l  of  some  p r o t e i n  
componen t s .  S i m i l a r  f i n d i n g  is s u p p o r t e d  b y  M e n a k e r  a n d  Na- 
v i a  (15), r e p o r t i n g  t h a t  p r o t e i n  c o n c e n t r a t i o n  in  sa l iva ,  as  m o n i t o r e d  on 
d a y s  16, 24, 35, w a s  a l w a y s  g r e a t e r  in  s eve re  m a l n o u r i s h e d  r a t s  w h e n  c o m -  
p a r e d  to  con t ro l  g roup .  

P C M  p a r t i c u l a r l y  k w a s h i o r k o r  is  c h a r a c t e r i z e d  b y  a s t a t e  of h y p o -  
a m i n o a c i d a e m i a  (19). T h e  l a t e r  s t a t e  of  d e f i c i e n c y  is b e l i e v e d  to  a f fec t  t he  
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Fig. 1. IgA immunoglobul in  (mg/100 ml), derived from blood serum and salivary 
glands in  (I0) healthy controls and (48) malnourished cases. 

ra te  of protein synthesis  in the di f ferent  organs. According to this in ter -  
pretat ion,  one would expect  tha t  the sa l ivary  protein output  is decreased 
as a resul t  of restr ic ted synthesis.  However ,  our  data  showed high saliva 
prote in  content  (signs of i n f l ammato ry  reaction, ~l-anti t rypsin,  haptoglo-  
bin and t ransferr in)  in kwashiorkor  cases. Enwonwu (5) has conf i rmed 
atrophic  edematous  submandibu la r  g land in rats  wi th  PCM. Herschel  and 
Tsuneo (8) also repor ted  a t rophy  wi th  pathological  lesion of the parot id  
gland in ra ts  wi th  amino acid deficiencies. This m a y  explain the abnormal  
secretion of prote in  in saliva of our  severe cases as one reflection of the 
decreased functional  capaci ty  of the gland (15). The significant rise of sa- 
l iva prote in  content  in our edematous  cases was not found in the nonede-  
matous  ones. I t  seems that  adaptabi l i ty  of marasmic  children to the mea-  
ger diet helped them to escape f rom complication. 
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Sal ivary IgA was decreased while IgM and IgG immunoglobulins were 
increased in marasmic cases. High IgG level was resulted in ratios of 
IgG/IgA and IgG/IgM higher than normal  (table 2). Accumulation of IgG in 
this cases may  explain many  of the bactericidal effects produced by sa- 
liva, since this globulin is the ant ibody containing fraction of serum (22). 
The most striking feature, however, was a high concentrating of IgiV[ and 
IgG in all of IgA deficient whole saliva of marasmic cases. Most of IgG in 
saliva of IgA deficient patients is derived from serum (2). 

In edematous cases, all immunoglobulins were increased and the ratios 
of IgG/IgA and IgG/IgM were markedly  high as compared to controls. The 
reason for this concentration of immunoglobulins in whole saliva of such 
cases is that  the surface epithelium may  act as active molecular sieve fa- 
vouring transmission of IgG from blood serum. Sal ivary IgA was in- 
creased, but not to the extent  of other immunglobulins.  Such increase is 
not  due enhanced synthesis rate. If this is the case, one would expect 
markedly  high level of IgA where it is the most component synthesized by 
the sal ivary glands. For this reason, IgA derived separately from serum 
and from its local sites was estimated to realize the actual state of sali- 
va ry  glands in our  PCM cases. IgA immunoglobulin in unstimulated whole 
saliva is known to have two components (2), one is antigenic to rabbit  an- 
tisera and the other is non (secretory IgA molecule). 

In order to verify the identi ty of IgA present in unstimulated whole 
saliva, the antigenic component derived from serum was estimated by the 
electroimmunoassay (11) and after  subtract ing this component of each case 
from the total sal ivary IgA, the amount  obtained is represent the secre- 
tory IgA synthesized from the sal ivary glands (table 3). Regarding this 
secretory IgA molecule, it was drastically reduced in our advanced cases 
particularly those of kwashiorkor.  The latter finding has also been 
supported by other investigators (15). 

From our present studies, al though protein deficiency enhanced a 
diminished synthetic capacity of the sal ivary glands, a great  t ransudat ion 
of blood serum protein into whole saliva was detected. This may be due to 
salivary glandular  tissue affection or cellular changes which is more 
marked in edematous than nonedematous cases, where in b i r d  marasmus 
it is part ial ly manifested. 

Summary  

Whole saliva protein as well as the separated protein components were esti- 
mated in normal and malnourished Egyptian infants and young children. In 
normal, 8 protein components (Albumin, al-antitrypsin, haptoglobin, fl2-1ipopro- 
rein, transferrin, IgA, Ig~I and IgG) were detected, while in PCM cases two 
more components (prealbumin and ~2-macroglobulin) were found. 

The results also showed that the level of salivary protein components are 
markedly increased in edematous cases. In non-edeomatous ones, the level of 
these constituents are slightly increased in 3rd marasmus, but diminished in 
2nd grade. 

It is concluded that the elevation of protein components in saliva of edema- 
tous cases could be a result of severe glandular tissue involvement as compared 
to controls and non-edematous cases. The value of IgA immunoglobu- 
lin as specific antibody originated from blood plasma and/or salivary glands 
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m a y  b e  u s e d  to  r e f l e c t  t h e  e x t e n t  o f  t i s s u e  a f f e c t i o n  i n  s a l i v a r y  g l a n d s  of  m a l -  
n o u r i s h e d  cases .  
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