It will be clear from Table 1 that hemoperfusion does not change the serum levels of C-
reactive protein (CRP) or of pregnancy zone protein (PZP) in the blood serum, and these pro-
teins, moreover, likewise were mot found in eluates from the charcoal. Nevertheless, the CRP
concentration in the blood serum of psoriasis patients fall significantly later, but this
evidently only reflects the development of a clinical remission.
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EFFECT OF PYRIDOXINE, RIBOFLAVINE, AND GLUTAMIC ACID ON RAT LIVER
AND SERUM LYSOSOMAL HYDROLASE ACTIVITY DURING TRAUMATIC STRESS
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Stress causes considerable disturbances of cell metabolism {1, 3, 4]. 1In particular,
glutamic acid metabolism is suddenly interrupted on the path of formation of inhibitory inter-
mediates and of succinate, accompanied by a marked deficiency of pyridoxine and riboflavine
[2, 14, 15]. Disturbances of relations between excitation and inhibition arising under these
circumstances in the CNS lead to qualitative changes in neuroendocrine regulation of metabo-
lism [8]. 1In turn, changes in the hormonal status of the body affect different aspects of
its physiological activity, including the functional state of the lysosomal apparatus of cells
in various organs and tissues [7, 9]. This influence is manifested as destabilization of the
lysosomal membranes and the outflow of large quantities of hydrolases into the cytoplasm,
followed by their appearance in the systemic circulation.

The object of this investigation was to study the effect of pyridoxine, riboflavine, and
glutamic acid on the functional state of the lysosomal apparatus of the liver cells and hydro-
lase activity in the blood in traumatic stress evoked by crushing of the soft tisses of the
hind limbs in rats.

EXPERIMENTAL METHOD

Experiments were carried out on 128 male Wistar rats weighing 250-280 g. The rats,
divided into eight series with nine animals in each series, were given glutamic acid (0.25%
of the diet) and a fourfold excess of pyridoxine and riboflavine (0.008 mg) per os through
a special tube daily for 14 days [7]. On the 15th day, after starvation for 12 h, the soft
tissues of the rats' thighs were crushed. The control consisted of 56 animals, divided into
eight series with seven rats in each series. Trauma was applied in both experimental and
control rats, by crushing the soft tissues of the hind limbs with special forceps, designed
to a model suggested in the Department of Pathological Physiology, S. M. Kirov Military Medi-
cal Academy [4]. To evaluate the effect of a combination of pyridoxine, riboflavine, and
glutamic acid on the lysosomal system of the rat liver cells more completely, a modified mod-
el of long-term crushing of the soft tissues was adopted: the forceps were not removed until
the end of the experiment, so that the main mass of crushed thigh muscles was isolated from

Department of Pathological Physiology, Kishinev Medical Institute. (Presented by Academi-~
cian of the Academy of Medical Sciences of the USSR A. D. Ado.) Translated from Byulleten'
Experimental'noi Biologii i Meditsiny, Vol. 94, No. 11, pp. 47~50, November 1982. Original
article submitted May 18, 1982.

1520 0007—4888/82/94llf1520$07.50 ® 1983 Plenum Publishing Corporation



1521

«L6FTIV'YE | 68'3TEL0E |xx+800° 0F2050[€10'0TF0L8°0 |x++110 0F6LY'01F10°0F98G'0 | +«x83°0FL9'6 | GB'O°FER'EL | OV STFEI'0L | LI'VTFELEE | §
*+BG°CFO00°08 | 8% 1 THH'9F |+»x900 0F112'0/010'07F091°0 |+++€10 ' 0F6EL0600'0FISS'0 | 86 17F8Y'L | 9L 17F86'01 |+8F'GFI1L'9B | LE'GTFEG'SY | ¥
LEGTEF 1Y 169 180G | 4600 07161 0/L00°07F0L1°0 {44900 0TFETH 06100 T 1260 | »+08'07F19'8 | €3 1F00'C] [+86'GT0818 1 LE'ST86'CY | €
LG'ETFIG'8E | OV'ETFE6'SY | 010°0FE0Z0[I10'0F483°0 |+x+510° 070V 01610°0F929°0 | «09'1F9¥'8 | SE'1TFI0'ET [«£0'GTF601T | LT'GHET'LE | &
L1 CFBEEE | 69°CT8Y 6V |wxx310° 0295 0|IT0'0FELE D | ++110°0TFOFP 0|600°07F0Z9'0 |  +€S'1FV1'6 | 86 ITFER'E] |68 1TLP'6T | £L6F86'SE | 1
wxGE TFEILE | 61'GTYI'OY |wns¥10 0F0EE'0CI00TFEET'0 |5#4£10°0T0GH 0/010'0F609°0 | #»+09'1F90Y | GL ITFEE 1T |+¥1°1T06'61 | SOEFETHT |g'1| wohiexy
#%€L'ETF66'GE | ¥V ¥ FCGEE |+44600° 0FE0E'0/910°0T-€¥3'0 {44+310°0F0F4'01810°077€89°0 £L0FSS'. |81 FRl'S | VA'TTFEL'IT | LI'VTFSR'ET |~ | swin-1i0yg
wxxll'0FGE YT | 613 F66'GE [+ +E10 0FLLY O[E10'07FELE0 | %B10°0FLOE'0 |110°0FL9S'0 |  «bE'1FLE'11] 88 17F68'G] | O1'TFP6'O1 | 86°17FEL L] | — |  sjpwiue
108307
_ . £YaA
Juswiredxa 1011002 U wTIedxs _ 101UOD udwradys 101340 jowiredxa onuos | juswuadxe 101100 mqm SUOLITPUOD
£e, TR w
asep - ! - ~112dx3
Turtresoror 16 Brf1908 -1~ ¢ asgpluomonIo - o g pue vy soseiwyns 141y q ursdeyied O ulsdayied L

(@ T W) PIOV OTuWeln(s puB ‘OUTABIIOQTY °‘SUINOPTILJ JO SOSOQ SATSSSOXY JO UOTIBIAISTUTUPY Lq perurduoddy
s9NSSTL 31305 Jo Surysna) Ieije ((w/ulw/safour UT) UNISS poO[d 3I8Y UT sSswhzuy TeBWOSOSAT JO LITATIOV  *Z WI9VL
*T00°0 > dxxx ‘TO°0 > dwx 60°0 > dy "USATS 21e sjuswiiadxe g~/ WOIJ SONIBA UBOW 7 ©TqBL UT pu® 9Iay *pusdsr
«QUOFIPG [ 80'0FSI'C | «+£1'6F¥6'65 [ 18:07F08°01 | 48077099 | 30786V VO'0FLE' L | 90°0FLE T | wxxGl'OFIY'E G0F86 | #x+€0'0Fe8']
«B1'0FI€'T | VI'0TFETE | «x+8L07FLEST | 9 0FBIEL | «1€0TFG0O'L | €2.07F69'S ¥O.0FGZT | GO0FBI'T | #wx01'07F66'] COTI6 | «x490°0F10'3
60'07F62'6 | 60°07F01'C | «»+10'1726°C1 | 19°0F00°31 | +8C 0FEYL | L 0FI0'S £0°0F20°L | §0°0790°1 | #x+60'07F08'1 S'0TG'8 | »#x€0°0F96'T
#80'0°FI10'C | S1'0TF86'C | x06'1F18LE | LLOTFOBOI [+x15°0F¥O'S | LI'0FCE'E #+G0'0TF6V' T | 90°07FO0ET | ##xE£1°07F01'¢ g'0Feg’L «480'0F82'
60'0FI12'c | GI'0TFET'E | «xbE 1T ER'GT | 8€° 170811 | 61°0F89'F | £2°0TH0'S | +xF0'0TFGI'T | L0OFIO'L |ass0l'0FHB'I GOFIG | «xx90'0FFI°G
«PI°0FL9' | 11°0FL8'G | ++65°07°60'63 1 80'1F¥Y'6 | «830F6G'G | 02089V | »xB0'07TBE’T | €00TCO'T | #4+11'07F09'G g'0Fe's £0'07F98'1
$BI'0FYE'G | L1069’ | »+8L'07FIEYT | OV 0FLE Y1 | »95.0FI6 9 | 18°0FL0y VO'OFBI'T | 70°0FEI'T | #xx11°0F00C €0F3'S | «#%80'0F8G']
«LOOFIBT | E1'0F8LEG | #+VE'1TFIG'9G| 06°0F6581 | SI0FHET | 61°0FZIY | +x+60°0F99°1 | €0°07F¥0'] 60°07F0L'T T'OF8T | #xx01'07F66'1
e wTradxe 10TIU0O wawiiedxs jonuod | wewiadxs| Jomued juowriedxo 10100 1uowiredxs 10100 woturedxa

g v 4 v g v
osepruiweso1oe(ed- q- g-14190v-d ssepluomon8- ¢ g pue y saserefns [Aiy
GO°0F9LG | wwx0'1FI9I 3079’8 | wxxlP'0FGEY | LOOFBE'S | 230760 9°17F6'gE 09°07Fcg'e |se'1FeL'0l [ §
PO'0TO9'G | »#+6'0F6'96 | E0FEC6 | «+x68°07F€8°C |65°0FIE' | #unl 0FV 6 € I8 'VE | #++81°0F6C L 1€L°0F80'EL] ¥
60°0FL9'T | w»xG 17FE9E PI0FG01 | #x#GE0TFB0'T | LO'0TIN'R | «xxG0T0'8 €3F62Y | +++6V0TF¥B'S [B01FIBOT | €
OI'0TFGY'T | »»=l'1FE98 | ZOTLL | +xs8607FCH'T [ZTOTFVER | wxxl 1F071 I'1F038 | ««€%'0FGS'9 1 Q¥ I TFehil | 3
OU'0F6LG | #xs¥ TFGET BOFEL | «x493°0F19'G | SI'OTFIB'R | wusb 0FLL ZIF08L [ xx¥G'0FGL'G | 29'5FHODT | 1 UOTIBX]] UII9I-110US
LOOTFEL'T | #w48 IFTOE | LOTFOTL | #xsE1°0°T08°1 | 65:0F9L8 *€'0F6'9 5.0F9¥ 1807869 [63.0F%9'9 | 2'I
90'0°F68'G | #xxl'GFIGY GOTYL | «#483°07L9'T | 63/0FEYOI +7 079’8 £07FeY 99°07F60'9 | 99°0FI1S’S
S0'0F9'1 xxG 1FE' LT 6°0F1°03 «FE'0Fer's | 96'0F0'e £'0F9L GOFFL | #+x98°07F08°2 |28°0F8LY STRLUTHE 108IU]
(2]
j(skilifele] Juowiadxs 1013U00 s s dys 1011U0D wewtradxe onuod | uswiiedxs Tonu0d m .Ww
mm SUOTIIPUOD
v q v | v qa = Tewowiradxg
T ursdayieD o usdoyaen &

(@ 3 W) (onssT1 jo 1y3treom
Jem §/utw/soowr UT) PTOY OTWEINTH PU®R ‘SUTABRTIONTY ‘OUTXOpPTakd JO S9TITIUBND SATSS9OXY JO UOTIRIISTUTUPY pu®
sonssT] 31J0S Burysni) I1931je ssudzuyg TBUOSOIDTW ISATT I®Y JO LITATIOV (g) POIUSUTpPIsuoN pue (V) Te3IoL °T TI4Vl



the rest of the body. The forceps were applied for 2-3 min and for 30 min, after which the
duration of tissue crushing was increased by 1 h in each successive series. The whole period
of trauma was 5 h in duration.

At the end of the period of tissue crushing the rats were decapitated, blood was collected,
and the liver was immediately removed, thoroughly washed in cold physiological saline, weighed,
and homogenized in a glass Potter—Elvehjem homogenizer with Teflon pestle in 0.25M sucrose solu=
tion with 0.001M EDTA [5]. All operations were carried out at 0-2°C. Serum was obtained after
centrifugation of the blood for 30 min at 3000 rpm.

To determine total enzyme activity the liver homogenate was incubated for 3 min at 37°C
with Triton X-100 in a final concentration of 0.1%7. Tests of nonsedimented enzyme activity

were carried out in the supernatant obtained after centrifugation of the liver homogenate at
105,000g for 30 min.

Activity of five lysosomal hydrolases was determined in the liver homogenate, supernatant
obtained from it, and the blood serum of the rats: cathepsin C, cathepsin B;, aryl sulfatases
A and B, B-glucuronidase, and n-acetyl-B-D-galactosaminidase. Activity of cathepsins C and
B, was determined spectrofluorometrically, using benzoyl-arginine-B-naphthylamide and L-glycine-
phenylalanine-B-naphthylamide (from Sigma, USA) as corresponding substrates [13]. Activity
of n-acetyl-B-D-galactosaminidase was determined spectrofluorometrically, using 4~methylumbel-
liferyl-p-D-galactosaminide as substrate [12]. Activity of aryl sulfatases A and B and of B-
glucuronidase was determined by spectrophotometric micromethods using p-nitrocatechol sulfate
(from Sigma, USA) and p-nitrophenyl-B-D-glucuronide (from Sigma, West Germany) as substrate
respectively [6, 107.

EXPERIMENTAL RESULTS

The results showed that administration of pyridoxine, riboflavine, and glutamic acid for
14 days to the rats caused an increase in the total activity of all enzymes by 1.3-1.6 times
except cathepsin B,, whose activity fell (Table 1). Values of nonsedimented activity of
cathepsin C, aryl sulfatases A and B, and B-glucuronidase were virtually indistinguishable
from the control values, evidence of the high stability of the lysosomal membranes (Table 1).
This conclusion also was confirmed by the level of lysosomal hydrolase activity in the blood
serum, which was close to the control for cathepsin C and B;, and actually lowered a-little
in the case of aryl sulfatases A and B and p-acetyl-p-D-galactosaminidase by 46 and 527 re-
spectively (Table 2). Meanwhile, however, B-glucuronidase activity was increased by 75% as a
result of administration of the vitamins.

The predominant response of most of the lysosomal hydrolases to administration of vita-
mins B, and Bg and of glutamic acid was thus an increase in their total activity in the liver,
which could reflect a more rapid synthesis of these enzymes de novo. The more than threefold
increase in nonsedimented cathepsin B, activity in the experimental animals suggests the pos-
sibility of a nonspecific action of cytoplasmic proteinases, induced by the increased pyri-
doxine concentration [11]. Evidence in support of this view is given by the fairly high (com-
pared with the control) level of nonsedimented cathepsin B, activity at all stages of trauma.

The study of the time course of changes in lysosomal hydrolase activity during severe
mechanical trauma, both in intact animals and in rats receiving the combination of vitamins,
preventing an increase in the severity of the state of stress, reveals changes of a similar
character in their activity both in the liver and in the blood serum., However, after adminis-
tration of these substances a significant decrease was observed in nonsedimented activity of
cathepsin C and aryl sulfatases A and B, which as early as 5 h after the beginning of trauma
amounted to only 19 and 28% respectively of their level of activity in the control animals.
Meanwhile, no such effect was found for B-glucuronidase and for n-acetyl-p-D-galactosaminidase.

The character of the change in activity of the enzymes studied in the blood serum was
even more demonstrative. In animals receiving vitamins B, and Be and glutamic acid before-
hand, activity of cathepsins C and B, was considerably reduced, whereas activity of B8-glucu-
ronidase differed only very slightly at all stages of trauma from the control values at the cor-
responding times. It should be noted, however, that with an increase in the period of crush-
ing of the soft tissues the difference in enzyme activity between the control and experimental
animals gradually disappeared. ,For instance, whereas by the second hour of trauma it was be-
tween 18 and 45% for all enzymes, by the 5th hour this difference did not exceed 8-30%.
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The results suggest that during severe mechanical trauma due to crushing of the soft

tissues pyridoxine, riboflavine, and glutamic acid can exert a marked protective action on
the lysosomal apparatus of the liver cells, which is probably based on increased stability

of the lysosomal membranes. With an increase in duration of the period of trauma the effec-
tiveness of the substances used declines. This suggests that the mechanism of the effect of the
vitamins on maintenance of the structural and functional integrity of the lysosomal appara-
tus of the liver cells is indirect, through the action of these substances on separate meta-
bolic pathways in the nerve cells and limitation of the irradiation of excitation from the
CNS, especially through the participation of their intermediates (GABA and GHBA)} in the
strengthening of inhibition in the brain. This "equalization'" of the levels of enzyme activ-
ity observed in the control and experimental animals with lengthening of the period of trauma

may correspondingly reflect

their deficiency.
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