
Molecular and Cellular Biochemistry 131: 19-24, 1994. 
�9 1994 Kluwer Academic Publishers. Printed in the Netherlands. 

Effect of  -alanyl-L-histidinato zinc on 
differentiation of osteoblastic MC3T3-EI cells: 
Increases in alkaline phosphatase activity and 
protein concentration 

Masayuki Hashizume and Masayoshi Yamaguchi 
Laboratory of Metabolism and Endocrinology, Graduate School of Nutritional Sciences, University of Shizuoka, 52-1 
Yada, Shizuoka City 422, Japan 

Received 17 June 1993; accepted 15 November 1993 

Abstract 

The effect of ~-alanyl-L-histidinato zinc (AHZ) on bone cell function was investigated in osteoblastic MC3T3-E1 cells. 
Cells were cultured for 3 days at 37 ~ C in a CO 2 incubator in plastic dishes containing c~-modified minimum essential 
medium supplemented with 10% fetal bovine serum. After the cultures, the medium was exchanged for that containing 
0.1% bovine serum albumin plus A H Z  (10-7-10 -5 M) or other reagents, and the cells were cultured further for appropri- 
ate periods of time. The presence of A H Z  (10-7-10 -5 M) produced a remarkable increase of alkaline phosphatase 
activity and protein concentration in osteoblastic cells. Thus increases were seen with the prolonged cultivation (12-21 
days). With the culture of 1, 3 and 12 days, the effect of A H Z  (10 4 M) to increase alkaline phosphatase activity and 
protein concentration was more intensive than the effect of zinc sulfate (10 -6 M). The A H Z  effects were completely 
abolished by the presence of cycloheximide (10 -6 M), indicating that A H Z  stimulates protein synthesis in the cells. The 
present study suggests that A H Z  has a stimulatory effect on cell differentiation, and that this effect is partly involved on 
protein synthesis in osteoblastic cells. (Mol Cell Biochem 131: 19-24, 1994) 
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Introduction 

Zinc has been demonstrated to serve a wide variety of 
functions in the mammalian system, and is essential for 
growth in humans and many animals [1]. Bone growth 
retardation is a common finding in various conditions 
associated with zinc deficiency [2, 3]. Recently, it has 
been demonstrated that zinc has a stimulatory effect on 
bone formation and mineralization in vivo [4] and in vit- 

ro [5]; the metal stimulates bone protein synthesis, 
which is a cellular mechanism [6]. Thus, zinc plays a 
physiologic role as an activator in the regulation of bone 
formation. 

On the other hand, ~-alanyl-L-histidinato zinc (II), in 
which zinc is chelated to [3-alanyl-L-histidine, is a new 
compound with a molecular weight of 289.61. More re- 
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cently, it has been reported that 13-alanyl-L-histidinato 
zinc (AHZ) can stimulate bone formation and calcifica- 
tion in vivo [7] and in vitro [8]. At the same dosage as 
zinc, AHZ has a more intensive effect on bone metabo- 
lism than zinc sulfate [7, 8], suggesting that the mode of 
AHZ action differs from that of zinc sulfate. 

As a possible cellular mechanism, it has been found 
that AHZ can increase proliferation and DNA content 
in osteoblastic cells and that this effect may be depend- 
ent on protein synthesis [9]. Those effects were observed 
with the cultivation of a short term. Furthermore, the 
present investigation was undertaken to clarify whether 
AHZ can increase alkaline phosphatase activity and 
protein concentration, as a marker of cell differentia- 
tion, in osteoblastic cells with the prolonged cultivation. 
It was found that AHZ may have a stimulatory effect on 
the differentiation of osteoblastic cells. 

Materials and methods 

Chemicals 

AHZ (Zeria Pharmaceutical Co., Tokyo, Japan) was dis- 
solved in 1 N HC1 solution and adjusted to pH 7.0 with 1 
N NaOH solution to concentrations ranging from 10 -5. 
10 _3 M. (x-Modification of Eagle's minimum essential 
medium (c~-MEM) was obtained from Flow Laborato- 
ries, Inc. (McLean, Va, USA). Fetal bovine serum was 
obtained from Bioproducts Inc. (Walkersvile, Md., 
USA). Bovine serum albumin (fraction V) and cyclo- 
heximide were purchased from Sigma Chemical Co. (St. 
Louis, Mo., USA). Tissue culture plastic dishes were 
purchased from Falcon Plastics (Los Angeles, Calif, 
USA). Other materials used were commercial products 
of the highest grade available. 

Cell culture 

MC3T3-E1 cells [10] were generously provided by Drs. 
Y. Amagai and S. Kasai (Koriyama, Japan). The cells 
were cultured at 37 ~ C in a CO 2 incubator in plastic dis- 
hes containing cz-MEM supplemented with 10% fetal 
bovine serum (FBS). They were subcultured every 3 
days using 0.2% trypsin plus 0.02% etylenediaminete- 
traacetic acid (EDTA) in Ca 2+-, Mg2+-free phosphate- 
buffered saline (PBS). For experiments, about 2.5 x 104 
cells per dish were cultured for 3 days to obtain con- 

fluent monolayers in 35 mm plastic dishes containing 
2 ml c~-MEM with 10% FBS. After the cultures, the cells 
were rinsed with PBS, the medium was exchanged for 
that containing 0.1% bovine serum albumin (BSA) plus 
various concentrations of AHZ, zinc sulfate or other 
chemicals and the cells were cultured further for appro- 
priate periods of time. 

Determination of cell numbers 

After trypsinization using 0.2% trypsine plus 0.02% 
EDTA in Ca 2+-, Mg2+-free PBS, cell numbers were deter- 
mined by the use of an electronic particle counter. 

Analytical procedures 

To assay alkaline phosphatase activity in cells after ap- 
propriate treatment periods, cells were washed 3 times 
with PBS, scraped into 0.5 ml of ice-cold 6.5 mM barbi- 
tal buffer (pH 7.4) and disrupted for 60 s with an ultra- 
sonic device. The supernatant centrifuged at 600 g for 
5 min was used for the measurement of enzyme activity. 
The enzyme assay described below was carried out un- 
der optimal conditions. Alkaline phosphatase activity 
was determined by the method of Walter and Schutt [11]. 
The enzyme activity was expressed as nanomoles of p- 
nitrophenol liberated per minute per milligram protein. 

To determine protein concentration in cells, osteo- 
blastic cells were washed 3 times with PBS, scraped into 
0.5 ml of ice-cold 6.5 mM barbital buffer (pH 7.4) con- 
taining 0.2% polyoxyethylene(10) octylphenyl ether 
(Triton X-100) solution and disrupted for 60 s with an 
ultrasonic device. Protein concentration in the homog- 
enate of cells was determined by the method of Lowry et 
al. [12] and expressed as the amount of protein (micro- 
grams) per dish. 

To measure DNA content in the cells, the cells were 
detached by using 0.2% trypsin plus 0.02% EDTA in 
Ca 2+-, Mg2+-free PBS and washed with PBS. The cells 
were shaken with 2.0 ml of ice-cold 0.1 N NaOH solu- 
tion for 24 h after disruption [13]. After alkali extraction, 
the samples were centrifuged at 10,000 g for 5 min, and 
the supernatant was collected. DNA content in the su- 
pernatant was determined by the method of Ceriotti [14] 
and expressed as the amount of DNA (micrograms) per 
dish. 



120 

~ o  

x: 60 

e 0 o  

~ E 3 0  < c  
. . . .  o- . . . . . . . . . . . . .  = 4  

- '  ; ; ' ' ' ' 2;  0 9 12 15 18 
Days 

Fig. 1. Time-dependent  effect of ]3-alanyl-L-histidinato zinc (AHZ)  on 

alkaline phosphatase  activity in osteoblastic MC3T3-E1 cells. Cells 
were cultured for 3, 6, 12 and 21 days in med ium containing 10 -7 to 

10 _5 M of A H Z .  Each value is the  mean  + SEM of 6 dishes. * P < 0.01, as 

compared with the control values, o; Control,  A; 10-7M A H Z ,  I ;  
10 -6 M A H Z ,  o; 10 -s M A H Z .  

Statistical methods 

Data are expressed as means + SEM. Statistical differ- 
ences were analyzed using Student's t-test; p values less 
than 0.05 were considered to indicate statistically signif- 
icant differences. 

Results 

After  subculture for 3 days, cells were cultured for 21 
days in the presence of A H Z  (10-7-10 -5 M). During cul- 
ture, the dishes were changed with the medium contain- 
ing A H Z  at the 3-day intervals. The alteration of alka- 
line phosphatase activity in the cells is shown in Fig. 1. 
When the cells were cultured for 12 days in the medium 
without A H Z  (control), the cellular alkaline phospha- 
tase activity increased about 5-fold in comparison with 
the value obtained at the zero time. In the presence of 
A H Z  (10 -7, 10 -6 and 10 -5 M), the enzyme activity in the 

cells were increased progressively during 6 days of cul- 
ture. Further increase was not seen in the cells t reated 
with 10 .7 and 10 -6 M A H Z  for 12 and 21 days. With 10 5 M 
AHZ,  the cellular enzyme activity was further increased 
by the 12-day culture, and then it began to decrease with 
the longer culture. Meanwhile, protein concentration in 
the cells was significantly increased by the presence of 
A H Z  (10 -7, 10.6 and 10 -5 M) (Fig. 2). This increase was 
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Fig. 2. Time-dependent  effect of [3-alanyl-L-histidinato zinc (AHZ)  on 

protein concentrat ion in osteoblastic MC3T3-E1 cells. Ceils were cul- 
tured for 3, 6, 12 and 21 days in medium containing 10 4 to 10 -s M of 

A H Z .  Each value is the mean  + SEM of 6 dishes. * P < 0.01, as compa- 
red with the control values, o; Control,  A; 10 .7 M A H Z ,  m; 10 ~ M A H Z ,  
e; 10 5 M A H Z .  

progressive during the culture with 21-day periods, al- 
though the dose-dependent effect of A H Z  was not seen. 
The presence of A H Z  (10 -7 to 10 -5 M) did not cause a 

decrease of protein concentration in the medium with 
cell culture (data not shown). 

The effects of A H Z  and zinc sulfate on alkaline phos- 
phatase activity and protein concentration in osteoblas- 
tic cells were compared with the culture of 1, 3 and 12 
days. The medium containing either vehicle, 10 .6 M 
A H Z  or 10 -6 M zinc sulfate was changed with the 3-day 
intervals�9 At one day with the culture, alkaline phospha- 
tase activity in the cells was significantly increased by the 
presence of zinc sulfate or AHZ,  although the A H Z  ef- 
fect was more intensive than that of zinc sulfate�9 A great 
increase of the enzyme activity with A H Z  treatment was 
also seen by the culture for 3 and 12 days (Fig. 3). Mean- 
while, protein concentration in the cells was not signif- 
icantly increased by the presence of 10.6 M zinc sulfate 
or 10 -6 M A H Z  with the 1-day culture (Fig. 4). With the 
3- and 12-day culture, A H Z  produced a significant in- 
crease in the cellular protein concentration, although 
zinc sulfate did not have an appreciable effect�9 Thus, 
A H Z  had an intensive effect on osteoblastic cells in 
comparison with the effect of zinc sulfate. 

The effect of cycloheximide on AHZ-increased alka- 
line phosphatase activity and protein concentration in 
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Fig. 3. Comparison with the effects of AHZ and zinc sulfate on alkali- 
ne phosphatase activity in osteoblastic MC3T3-E1 cells. Cells were 
cultured for 1, 3 and 12 days in medium containing either vehicle, AHZ 
(10 -6 M) or zinc sulfate (10 -6 M). Each value is the mean _+ SEM of 6 
dishes. * P < 0.05 and ** P < 0.01, as compared with the control value. 
# P < 0.01, as compared with the zinc sulfate value. [3; Control, D; zinc 
sulfate, I ;  AHZ. 
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Fig. 4. Comparison with the effects of A H Z  and zinc sulfate on protein 
concentration in osteoblastic MC3T3-E1 cells. Cells were cultured for 
1, 3 and 12 days in medium containing either vehicle, A H Z  (10.6 M) or 
zinc sulfate (10 -6 M). Each value is the mean _+ SEM of 6 dishes. * P 
< 0.01, as compared with the control value. [3; Control, ~]; zinc sulfate, 
I ;  AHZ.  
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Fig. 5. Effect of cycloheximide on AHZ-increased alkaline phosphata- 
se activity in osteoblastic MC3T3-E1 cells. Cells were cultured for 3 
days in medium containing either vehicle, AHZ (10 -6 M) or zinc sulfate 
(10 6 M), and then the medium was changed, and the cells were further 
cultured for 3 days in the presence of either cycloheximide (10 -6 M), 
cycloheximide (10.6 M) plus AHZ (10 .6 M), or cycloheximide (10 -6 M) 
plus zinc sulfate (10 -6 M). Each value is the mean + SEM of 6 dishes. 
* P < 0,01, as compared with the control value. # P < 0.01, as compared 
with the each value without cycloheximide. [3; Control,~; zinc sulfate, 
I ;  AHZ. 

os teob las t i c  cells was examined .  Cel ls  were  cu l tu red  for  

3 days  in m e d i u m  con ta in ing  10 -6 M A H Z  or  10 -6 M zinc 

sulfate,  and  then  the  m e d i u m  was c ha nge d  and  the cells 

were  fu r the r  cu l tu red  for  3 days  in the  p re sence  of  10 -6 M 

cyc lohex imide  p lus  e i the r  10-6M A H Z  or  10-6M zinc 

sulfate.  The  A H Z  or  zinc su l f a t e - induced  increase  in the  

ce l lu lar  a lka l ine  p h o s p h a t a s e  act ivi ty  was c o m p l e t e l y  

abo l i shed  by  the p re sence  of  10 -6 M cyc loheximide .  Now, 

the  p r e s e n c e  of  an  inh ib i to r  caused  a s ignif icant  de-  

c rease  of  the  e n z y m e  act ivi ty  in the  cells cu l tu red  wi th-  

out  the  zinc c o m p o u n d s  (Fig. 5). Meanwhi l e ,  the  effect  

of  A H Z  (10 -6 M)  to inc rease  the  ce l lu la r  p r o t e i n  concen-  

t r a t i on  was c o m p l e t e l y  p r e v e n t e d  by  the  p r e s e n c e  of  

10 -6 M cyc lohex imide  (Fig. 6). A l so ,  the  p re sence  of  cy- 

c lohex imide  caused  a s ignif icant  d e c r e a s e  of  p r o t e i n  

c o n c e n t r a t i o n  in the  cells cu l t u r ed  in the  absence  of  the  

zinc c o m p o u n d s .  

W h e n  cells were  cu l tu red  for  6 days  in the  m e d i u m  

con ta in ing  e i the r  vehicle,  A H Z  (10 -6 M)  or  zinc sul fa te  

(10 -6 M),  the  a l t e r a t i on  of  D N A  con ten t  and  cell  n u m b e r  

in the  cells is shown in Table  1. The  p re sence  of  A H Z  
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Fig. 6. Effect of  cycloheximide on AHZ- inc reased  protein concentra-  
tion in osteoblastic MC3T3-EI  cells. Cells were cultured for 3 days in 

med ium containing either vehicle, A H Z  (10 -6 M) or zinc sulfate 

(10 -6 M), and then the med i um was changed,  and the cells were further 

cultured for 3 days in the presence of either cycloheximide (10 -6 M), 
cycloheximide (10-6 M) plus A H Z  (10 -6 M), or cycloheximide (10 -6 M) 

plus zinc sulfate (10-6 M). Each value is the mean  + SEM of 6 dishes. 

* P < 0.01, as compared  with the control value. # P < 0.01, as compared  
with the each value without cycloheximide. []; Control,  [] ;  zinc sulfate, 

II; A H Z .  

produced a significant increase of DNA content in the 
cells, although an appreciable elevation of cell number 
was not seen. Meanwhile, the presence of zinc sulfate 
did not have an effect on DNA content and cell number 
in osteoblastic cells. Thus, the effect of A H Z  to increase 
protein concentration in the cells was not based on an 
alteration of cell number. 

Table 1. Effect of A H Z  or zinc sulfate on D N A  content  and cell num-  

ber in osteoblastic MC3T3-E1 cells 

Treatment  D N A  content  Cell numbe r  
(gg/dish) (x 105/dish) 

Control  5.73 + 0.08 5.29 + 0.19 
Zinc sulfate (10 -6 M) 6.01 + 0.28 5.30 + 0.21 
A H Z  (10-6 M) 7.46 + 0.08** 6.11 + 0.33* 

Cells were cultured for 6 days in the med ium containing either vehicle, 
zinc sulfate (10 -6 M) or A H Z  (10 -6 M). Each value is the m e a n  + SEM 

of 6 dishes. * P < 0.05 and ** P < 0.01, as compared  with the control 

value. 
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D i s c u s s i o n  

A new compound 13-alanyl-L-histidinato zinc (AHZ),  in 
which zinc is chelated to [3-alanyl-L-histidine (L-carno- 
sine), has a stimulatory effect on bone formation and 
calcification in weanling rats in vivo [7]. A H Z  also has a 
direct stimulatory effect on bone formation in tissue cul- 
ture in vitro [8]. The A H Z  effect was more intensive 
than that of zinc sulfate in vivo [7] and in vitro [8]. More 
recently, it has been demonstrated that A H Z  has a direct 
specific proliferative effect on osteoblastic cells in vitro 

and that this effect is dependent on protein synthesis [9]. 
Furthermore, the present investigation was undertaken 
to clarify the effect of A H Z  on cell differentiation in os- 
teoblastic MC3T3-E1 cells with the prolonged cultiva- 
tion. 

Alkaline phosphatase is known as a marker enzyme 
on the differentiation in osteoblastic cells [15,16]. When 
osteoblastic cells were reached to subconfluent with 
pre-culture for 3 days, the cells were further cultured for 
21 days in serum-free medium containing A H Z  (10 -7 to 
10 -5 M) in the range of effective concentrations to stim- 
ulate bone formation in tissue culture system [8]. Be- 
tween 6 and 12 days of culture, the presence of A H Z  pro- 
duced a progressive increase of alkaline phosphatase ac- 
tivity in osteoblastic cells with the time-dependency of 
culture, although this increase was weakened with the 
21-day culture. Meanwhile, the cellular protein concen- 
tration was progressively increased during the 21-day 
culture in the presence of AHZ.  Thus, a great increase of 
alkaline phosphatase in osteoblastic cells may be found 
in the proteins increased by the 6- and 12-day culture 
with AHZ.  Presumably, it is assumed that A H Z  may 
have a stimulatory effect on the differentiation in oste- 
oblastic cells, and that this effect may be partly involved 
on an increase in the cellular protein concentration. 

The effect of A H Z  to increase alkaline phosphatase 
activity and protein concentration in osteoblastic cells 
was more intensive than that of zinc sulfate. This result 
further supports the view that the mode of A H Z  action 
differs from that of zinc sulfate in osteoblastic cells. Pre- 
sumably, A H Z  may readily permeate into the cells as 
compared with zinc sulfate, and the metal chelated to 
dipeptide does not easily bind to cellular proteins which 
are inactive metallic action. The AHZ-induced increas- 
es of alkaline phosphatase activity and protein concen- 
tration in osteoblastic cells were completely abolished 
by the presence of cycloheximide, an inhibitor of protein 
synthesis at a translational process. This suggests that 
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the AHZ effect is dependent on a newly synthesized 
protein component. Meanwhile, the zinc-increased al- 
kaline phosphatase activity was completely blocked by 
the presence of cycloheximide, although the metal did 
not have an appreciable effect on total protein concen- 
tration in osteoblastic cells. Alkaline phosphatase is a 
zinc-enzyme [17]. However, the present result suggests 
that the effect of zinc to increase the enzyme activity is 
based on the synthesis of the enzyme protein in oste- 
oblastic cells. Zinc has been demonstrated to activate 
aminoacyl-tRNA synthetase and to increase newly syn- 
thesized protein components in bone tissue culture [5, 
6]. Now, the culture with AHZ for 6 days produced a 
significant increase of DNA content and cell number in 
osteoblastic cells, while zinc had no effect. The present 
results suggest thatAHZ stimulates a transcriptional 
process in cellular nuclei. Previous study showed that 
AHZ-induced increases in DNA and proliferation of os- 
teoblastic cells with a short-term cultivation (2 days) are 
abolished by the presence of an inhibitor of protein syn- 
thesis (cycloheximide) [9]. Presumably, AHZ stimulates 
the proliferation and differentiation, dependent on pro- 
tein synthesis, in osteoblastic cells. The characterization 
of AHZ-induced protein components remains to be elu- 
cidated. 

Now, despite of the prolonged cultivation with AHZ, 
osteoblastic cells maintained a great increase of alkaline 
phosphatase activity and protein concentration in the 
cells. Also, the presence of AHZ did not cause a signif- 
icant decrease of osteoblastic cells with the 21-day culti- 
vation (data not shown). Thus, AHZ may not have a tox- 
ic effect on osteoblastic cells. This may give an advan- 
tage for a pharmacologic role as a stimulator in osteo- 
blastic cells. 

In conclusion, it has been demonstrated that AHZ 
can increase alkaline phosphatase activity and protein 
concentration in osteoblastic cells with the prolonged 
cultivation, suggesting that AHZ has a stimulatory ef- 
fect on the differentiation of cells in addition to the pro- 
liferative effect. 
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