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There is evidence in the literature of a relationship between dose and response
to adjuvant chemotherapy, although published results are conflicting. The use
of high dose chemotherapy regimens is limited by the severity of their toxici-
ties. To evaluate tolerability and efficacy of a combination therapy with

) methotrexate / black seed oil in comparison with methotrexate monotherapy
in male albino rats. Methotrexate was administered to male albino rats in an
interrupted treatment regimen comparable to proposed human clinical treat-
ment. Animals were dosed orally with methotrexate with/out black seed oil
daily for five consecutive days, followed by a seven-days recovery period, and
the cycle of dosing and recovery was repeated for a total of four cycles.
Changes in the body weight; Hepatic, renal and testicular functions; changes
in the haematopoietic system (erythrocytes, leucocytes “total and differential
count®, platelets, and haemoglobin); and hepatic, renal, gastro-intestinal, tes-
ticular as well as brain morphology were all used as parameters to assess
methotrexate toxicity. Treatment by methotrexate alone resulted in a) a signifi-
cant reduction of body weights; b) significant reduction of both the hepatic,
renal and testicular functions; ¢) significant decrease in the haemopoietic par-
ameters; and d) marked alterations in the morphological changes of the liver,
kidney, testis and intestine. On the other hand, concomitant treatment with
methotrexate and black seed oil resulted in reversibility of methotrexate de-
Pression of animal body weights as well as organ functions and morphology.
Hence, this study suggests that black seed oil is a pharmacological antidote for
methotrexate-induced toxicity, and, therefore, black seed oil in combination
Wwith methotrexate may provide a basis whereby more intensive and effective
methotrexate therapy may be given.

Mmethotrexate; black seed oil; biochemistry; haematology; histology; albino rats
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are required for the de novo synthesis of DNA (DeSesso, Goeringer,
1992)- . . _ i g .
Methotrexate 1s a widely used drug in the treatment of patients with ma-
Jignant disease (Stark et al, 198?). It has P.)ccome.l'he dlSCélS(? modifying
drug of choice for the treatment of rheumatoid arthritis (Godfrey et. al.,
1998; Ne idel etal., 1998). Methotrexate is also an effective but potentially
toxic treatment for psoriasis (Pearce, Wilson , 1996). Recent data indi-
cate that the anti-inﬂammatory effect of methotrexate is mediated by adeno-
sine. However, methotrexate side-effects can only partly be explained by
folate antagonism and may also depend on its action on other related meta-
polic pathways. The latter include the homocysteine-methionine-polyamine
pathway and purine metabolism. Variants in these metabolic routes (i.e. the
C677T mutation in the methylene- tetrahydrofolate reductase “MTHFR®
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MATERIAL AND METHODS

Experimental animals

Random-bred, male albino rats weighing
Obtained from Animal House Laboratory, National Research Centre, Giza,
Egypt. The animals were evaluated prior to initiation of the study to ensure
;2‘::31}1)’ andition and acclimation tq the stgdy environment. C]in'ically ac-
group)e animals were randomly .asmgne.d 1.nvt0 6 g_r(‘)‘ups (10 animals per

» S0 that there were no statistically significant differences among group
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Wood chips (maximum of five animals/cage). They were kept
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at an ambient temperature of 25+3°C,ona light/dark cycle of 12/12 hours, Clinical pathology
and supplied rat chow and fresh water ad libitum.
Blood for haematologic: ;i
; : ! gical and clinical ¢ . )
Test articles and treatments tained by snndling: puncssrs fot all lzlllrllicl;lalcshir:latryddetermlnations was ob-
5 Tl s . i h

Methotrexater®, described chemically as N-[4—[[(2,4-d1ammo—6—petr1dmyg) for cuthanasia. e day they were scheduled

methyl] methylamino] benzoyl]-L-glutamic acid, was supplied by LEDERLE

LABORATORIES DIVISION, American Cyanamid Company, Pearl River, Haematology

New York, USA. It is present in white plastic bottles “100 tablets/bottle®,

each tablet contains an amount of methotrexate sodium equivalent to 2.5 mg BIOQd S_amples containing EDTA as an antic

of methotrexate and the following inactive ingredients as specified by the determination of haemoglobin content crytl;roé;ct)si‘gjztt Wlertelused for the
g , platelet count and

supplier: lactose, magnesium stearate and pregelatinized starch; may also leucocyte count “total and differential®.

contain corn starch. Solutions of methotrexate in 0.9% saline were prepat ed
on the day of administration. The drug was administered orally via gastric
tube at 1.8 and 3.6 mg/kg “therapeutic and double therapeutic dose respec-
tively for humans® using a constant dosage volume of 1 ml/kg (Groups I

and V, respectively). The negative control animals received an equivalent

Clinical chemistries

Clotted blood sz ; 5

o s bfqmples were centrifuged and the serum w
pire r subsequent determination of the follov\;in s Bemoved by
g:

volume of 0.9% saline (Group I). The rats were dosed once daily for 5 con- 1) Hepatic function tests: Total bilirubin (mg/d
secutive days followed by a 7-day recovery phase. This cycle of dosing and tamic oxaloacetic transaminase (unit/dl;1g (11) ok b3 el al., 1983); glu-
| recovery was repeated for a total of 4 cycles. nase (unit/dl) (Reitman, Frank ]an glutamic pyruvic transami-
o Nigellarr® was purchased from Kahira Pharmaceuticals and Chemical In- (unit/l) (Tietz, Rinker, 1983); 'dli , 1957); alkaline phosphatase
“‘?1}“‘}“ dustries Company, Cairo, Egypt. It is present in boxes of 20 capsules (2 strips, 1971) and total proteins (mg/dl) (i) ;: ; e umin (mg/dl) (Doumas et al,
Il | each strip contained 10 soft gelatin capsules), cach capsule contains 500 mg 2) Renal function tests: urea (mg/dl) (S o e‘t " o B
i of extracted oil of Nigella sativa L seeds. The drug was given in a dose of (mg/dl) (Heinegard, Tiderst ampson et al, 1980); creatinine
‘ ‘\1‘\11 90 mg/kg orally through a gastric tube in two divided doses. This dosing (Trivedi etal., 1978). strom, 1973) and uric acid (mg/dl)
i regimen is similar to that prescribed for human use. The positive control 3) Hormones: testosterone (ng/ml); follicle-sti ;
group of animals received an equivalent volume of 45 mg/kg twice daily and luteinizing hormone (II?IU/H’]]) wéL e—b,u.mmatmg hormone (mIU/mI)
(Group 1), while Groups IV and VI received the same dose of Nigella sativad body t_est “Diagnostic Products Cor re- e%tlmatcd using the double anti-
oil simultaneously with the same previously-memioned doses of metho- according to the instructions on the pf:l‘]illon,. 8 AIGEISE, T M
trexate. Ellggamma counter “EMI Nuclear, Ente‘:)r( crisaegel\llrf‘ert of Fhe kit, and using
74). prise, NE“ Jaffe, Behrman,

Clinical observations Hi
. _ i - d for signs stology and organ weight
The animals were observed daily during the 7-week study period for sigh ghts

b of drug toxicity and systemic effects. Complete physical examinations Were
\‘\‘ conducted weekly. Body weights were measured prior to dosing 0P el Were weighed in the wh ;
I dosing day and weekly during recovery periods. Ophthalmic examination® e whole animals: brain, liver, kidneys and testes. P
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| i The total duration of the study was 48 days. On the day 49th, the whole anima® allf(flnlzed sections were ste"tin!:e]dpaI ?—Ifm’ and were sectioned at 7 um. De-

N were euthanatized for haematology. clinical chemistry and histology studies- Y Trichrome stains (P 5 ars eW11128h5€\lematoxy]m and eosin as well as
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Statistical analysis L Comparison between the initial and terminal body weights in all studied groups

\

\ . .

| The data were analyzed using IBM computer and SPSS-PC4.1 statistical : Initial body Terminal body

“\ il package. Both statistical analysis and tabulation were done according to Groups weight (g) weight (g) Mean | SD. |p.o.,

\“‘ | Knap and Miller (1992). We have used both the paired #-test and the _io. mean | SD. | mean | S.D. e e :

\“ analysis of variance (ANOVA) to detect differences in the means between Somp 1 |123300] 7.790 [216.400( 12,076 | 90.100 | 4954 | 57.511|< o

the control group and the other groups of animals. The Newman-Keuls was -

od i - i E , Group I | 127.100| 9315 |230.900| 13.470 | 103.800 | 4.237 g
applied in post-hoc analysis when needed. The level of significance was set 23 77.464 | < 0.05
at P < 0.05. Group 11l [127.000| 9381 | 185200| 10.141 | 58200 | 1814 |101.484|< 0.05°

(I
| Group IV 126.400 | 11.276 | 198.700 | 7.543 72.300 4.001 57.138 | < 0.05"

| RESULTS Group V. |126.900| 11.799 |169.200| 14.536 | 42.300 | 4.668 | 28.656 <0.05"

R
(i [ Group V1 [127.200] 12:674 184.100] 18747 | 56900 | 6967 | 25825 <005

\\ | Clinical observations
\ * = significant

‘\‘ “ Drug-related clinical signs were observed in animals primarily at 40 mg/kg

“‘ i methotrexate only and, in general, appeared during or shortly following the I Mean values £ S.D. of body as well as organ weights in all studied groups
M‘ third and fourth cycles of dosing. At 40 mg/kg, alopecia, rhinorrhea, epi- Tnitial weight (2) - :
“\ ‘ phora, and hypoactivity were observed. These signs were rarely observed at g mea Terminal weight: (7)
M‘ lower doses, particularly when simultaneously given with black seed oil. an S.D. mean S.D.
“\ | Additional clinical signs observed sporadically during the study included ’ goup 1 126.300 7.790 216.400 12.076
I “\“ diarrhoea. However, no drug — or treatment — related deaths occurred through- Group II 127.100 9.315 230.900 13.470
‘w H “‘\‘““ out the whole period of the study. grOUp ;3 127.000 9.381 185.200 1;):141
I rou
\“\ ““ Body weight and organ weights GrouE s Zzzgg iizz 122700 7.543
(AR : . .20
l ‘\“ There was a significant decrease — in a dose-dependent manner — in the Group VI 127.200 12.674 184 102 o
i body weights of methotrexate-treated animals when compared with the con- F 0013 - s
\\ | | trol groups (Tables I-III). On the other hand, the addition of black seed oil P = 29.750
\“ | significantly increased the body weights of methotrexate-treated animals and . d O'_OS <0.05"
1‘\ even the positive control group (Tables I and III). However, there was no Group brain weight (g) liver weight (g)
\“ significant difference in the weight of organs between the control rats and mean S.D. dean SD
“\‘ il treated ones (Table II). Sioup 1 1.494 0.066 6791 i (-)9'8
‘\‘ “‘\‘“\‘ . e I 1.495 0.057 6.800 .
i Clinical chemistry Group 111 : 0.942
| P 1514 0.058 7.115 0.961
1 i There was a significant increase — in a dose-dependent manner — in the e 1v 1.497 0.058 6.832 .
\“ J‘ ‘ mean values of serum total bilirubin, SGPT, SGOT and alkaline thSpi'azl,taSCQ Group v 1,456 0,056 e 0.964
I while the mean values of serum albumin and total proteins were statistically Group V1 . o 7481 0.929
H \“\““‘ decreased among the methotrexate-treated animals. Similarly, there was 51150_ F - 0.055 7.031 0918
“\ M a significant increase — in a dose-dependent manner — in the mean values © » 0.758 0.757
\\ :‘N\“; serum urea, creatinine and uric acid of methotrexate-treated groups of ant — > 0.05 > 0.05

| “‘w‘{ mals. On the other hand, black seed oil significantly reversed both the hepati®

| , Scr
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V. Mean values + S.D. of both liver and kidney function tests in all studied groups

\\‘\\ Continuation of Table 11 Loft kidney weight ©® Total proteins (g/dl) Serum albumim (g/dl) | Total bilirubin (mg/dl)
H //m D. gLorP mean S.D. mean S.D. mean S.D.
m“ 0.041 Group | 7.380 0.485 3.467 0.329 0.310 0.110
] 0,596 0.040 0.047 Group 1L | 7.207 0.648 3381 0.288 0.340 0.097
Group 11 0.046 Group Il | 6.065 0.606 2.827 0.475 0.490 0.179
i 0.052 Group IV | 7.000 0.859 3212 0.489 0.380 0.132
S I 0.042 Group V 5.263 0.762 2.080 0.544 0.580 0.132
Seoup ¥ Group VI | 6.150 0.787 2.609 0.523 0.470 0.134
F 13.640 13.785 5.957
; <05" <0.05" <05
: SGPT (U/L) SGOT (U/L) alkaline phosphatase
right testis weight (&) Group (L)
Group The s mean S.D. mean S.D. mean S.D.
0.100 Group I 24.420 3.720 34.100 6.130 81.849 5.529
Group 1 0.108 0.996 Group 1 31.360 2.819 35.740 5.536 109.830 10.226
Group Il 0.106 1.005 Group TII |  47.460 6.564 60.920 12.065 164.758 10.534
Group 111 0.108 1.002 Group IV |  34.440 5.156 44.020 6.599 115.540 10.909
Group IV 0.028 B82 o GroupV | 56.410 2.976 71.050 5.580 | 191559 | 11342
Group V 0.069 1.001 bl Group VI |  45.290 2.966 58.180 5.714 150.628 11.425
Group VI F 77.118 41.796 156.911
p <05 <005 <05
. serum urea (mg/dl) serum creatinine (mg/dl) | serum uric acid (mg/dl)
mean S.D. mean 5.D. mean S.D.
Group T 34.900 4.654 0.511 0.072 1.460 0.659
Group II | 35.500 4.143 0.602 0.064 1.580 0.666
Group 1T | 65,200 7.146 0.802 0.060 2.260 0.433
Group IV | 43.500 5017 0.663 0.064 1.660 0.682
- 00176 0.0001" 00043* e Group v 85.200 4.185 0.969 0.093 2.660 0.458
Group 1 « 0.0002" 0.0001 B0 Group v 65.30
Group 11 0.0176 ) s 0.0245 - ad 300 5.250 0.841 0.070 2.150 0.460
Pt s 0,0002* e 0.0002 Q 152.77*2 56.46()* 6.770
Group 1V 0.0043" 0.0001 * u.O; h - b = <05 <0.05 <05
Group V 00001" | 00001 ook; = Significay
0,0002* ‘9,0891_.1 0.8533 |
o, | RN AGR]
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On the other hand, methotrexate-treated animals (Groups IIT and V)

eed oil sienificantly increased th i ‘d m.any hivst()k)(’icul.a“ﬂlmmm e s G 113

]ll()llon ftihell:thl(er :Xan((‘; bleaCkC sede]]('][o:] A Dl 2\1 . 1ets ‘ Slzi 1f‘ ntl il 0 Wl(l(’l I 12 ()l lh() tfilSl!'lC Spr]‘lC()S‘d \}y’iih l]ll]]‘k(‘(] C()l]‘TCSIi()]] ()f ][S bl()()d

g el r 1‘0 Vble VIH).y Unhermorbe’ e W'GS vessels (Fig. 7), marked ulcerations of the mucosa of ileum with absence of

a e e . .at 316 éi;fﬁl;e(mi?ﬂ s count betweelt e villi (Fig. 8), and marked lymphocytic infiltration of the mucosa of the cae-
no sionificar\t difference 1n

X) cum with areas of ulcerations (Fig. 9).
control rats and the treated ones (Table X).

ese parame-

y decreased
mals.

ters (Tables VIII

[X. Mean values = S.D. of haemoglobin, RBCs and WBCs in all studied groups (Newman-Keuls

Histolog post-hoc test)
GASTRO—INTESTINAL TRACT NUT———— U Group Group 1 Group II | Group IIl | Group IV | Group V | Group VI
" .tomach, ileum and caecum of C}l ert 4~6b) showed the haemoglobin
Sections fro Hl‘ tg? sor the positive control animals (Figs. fean 15218 15.069 11.618 14.845 8.231 11551
Zrlxr(;lrlgaqlls tfiiltiiégical’structure of such organs. Group 1 0.7857 omozi 0.7737 0.0001" | 0.0001"
N Group II 0.7857 0.0001 0.6829 0.0001" | 0.0002"
s elobin, RBCs, WBCs and platelets in o i Group Il | 0.0002" | 0.0001" 0.0001" | 0.0001" | 09027
VIIL Mean values £ S.D. of haemoE s RBCs J Group IV | 0.7737 0.6829 0.0001" 0.0002" 0.0001"
Haemoglobin (%) wlle ] Group V 0.0001" | 0.0001" | 0.0001" | 00002 0.0001"
Group — ZiZ‘: : Group VI | 0.0001" 0.0002" 0.9027 0.0001" 0.0001"
Group 1 o o RBCs
oo 1L (I'A)l(;i 0-7»?9' Mean 8.0277 7.9723 6.4816 7.8632 4.8738 6.3162
. - 0.938 Group I 0.8810 0.0007° | 0.8960 0.0001" | 0.0003"
Group IV iz 077( Group II 0.8810 0.0006° | 0.7681 0.0001" | 0.0004"
— o5 0733 | Group IIl | 0.0007° | 0.0006" 0.0005" | 0.0003" | 0.6550
Goiiy VI — Group IV | 0.8960 0.7681 0.0005" 0.0002" 0.0004"
Group v 0.0001" | 0.0000" | 0.0003" | 0.0002" 0.0004"
L Group VI | 0.0003" | 0.0004" | 0.6550 0.0004" | 0.0004"
Growp [T qpean | SD L —— R r——
219.600 2 12,5390 | 12.6320 9.8620 | 12.4510 7.5860 | 11.4090
Group T 12.539 815.700 218,045 gt 0.9508 0.2910 0.9535 001417 | 0.7326
— 12.632 791.900 209.248 Group 11 0.9508 0.3574 0.9921 0.0169" 0.8467
it 9.862 810.800 213.993 Stoup 111 | 9919 0.3574 0.2044 0.1348 0.3066
Group IV T2 772.200 223.697 gm“p VI 09535 0.9921 0.2044 0.0106" | 0.4900
Geatp ¥ 7.586 789,500 22490 % G“’“P V| oow4” | o016 | 01348 | 00106 0.0358"
Group V1 11.409 0071 ____—] N r_oup ] 07326 0.8467 0.3066 0.4900 0.0358"
- >005 __——N ~ SRnificyy
< 0.05
p Sqy NTIA b
* _ significant 60 ICULTURAE BOHEMICA, 32, 2001 (2): 123160 135
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l However, on addition of black seed oil to animals (Groups IV and V)
I marked improvement in the above-mentioned histological alterations oc
““ ‘ red. Although there was also widening of the gastric submucosa, there
N only moderate congestion of its blood vessels (Fig.10). Furthermore, th

| was an enlargement of Peyer’s patches to occupy the whole thickness ol

‘U ileal wall (Fig. 11). Moreover, the caecum showed an increasc 1n the lym-
R shoid cells of the mucosa (Fig. 12), or marked increase in the goblet cells

\ v
i (Fig. 13).
I LIVER

| Sections from the liver of either the negative control animals (Figs. 14-15),
i or the positive control animals (Figs. 16-17) revealed the normal architecture
‘ of the liver.

‘ i . Mean values £ S.D. of different leucocytic count in all studied groups

Segmented Eosinophils

I Group

1.500

I Group 1 1.700 0.483 15.300
“\‘ | Group 1I 1.600 0.516 15.500 0.900 0.568
\‘\ | “‘ Group 111 1.500 0.527 14.500 1.000 0.667
\“ Group 1V 1.600 0516 15.500 2.593 ‘ 0.900 0.738
““ Group V 1.500 0.527 14.700 0.800 0.632
“, “\‘ | Group VI 1.400 0.516 14.400 0.900 0.568 |
IHe s YR B R R

> 0.05 > 0.05

> 0.05

Il P

\‘ | basophils lymphocytes monocytes

i Group -

| Ll mean S.D. mean S.D. mean 9_1)//

““ | | Group1l 0.000 0.000 78.600 3.893 2.900 0.994 13. Photomicrographs of sections i

[ Group 11 0.000 0.000 78.900 2514 3.100 0.876 The negative c phs of sections in the stomach, ileum and cae ~ :

i § ‘ ' ' ) - ) R Conl group, showing: v of Greoup | anioels, i

r ' al histologic: e
\‘\‘ ‘ Group 111 0.100 0.316 78.900 4.332 4.000 1.414 E Noria) histol(o)bis l} ?lruume Of\ the stomach (Hx. & E. x 100)
| | Group1v | 0.100 0.316 78.600 2.503 3.300 0.949 3. Norma] histologigjl SI“'C““‘G of the ileum (Hx. & E. x 100)
il g al structure of the caec

H | Group V 0.100 0316 78.800 3327 4300 1,494 e caecum (Hx. & E. x 100)

(i | Group VI | 0200 0.422 79.000 2.944 4.100 1.370 On the ot

i B 1 her hand, methotrexate-treated animals showe :
erations — in s showed marked histologi -

Bk F 0.711 0.025 2.366 p

| _ a dose-depende i i
i | S pendent manner — including dilated conge
| p e = 005 e (g 19() I%;mll?i an(il 21), mar.ked lymphocytic infiltration in the g]ocogrtfacll
A ermore, many binucleated hepatocytes were seen (Fig. 20)
g. 20).
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4-6. Photomicrographs of sections in the stomach, ileum and caecum of Group 11 animals, 1.€-
showing:
cure of the stomach (Hx. & E. x 100)
f the ileum (Hx. & E. x 100)

accum. (Hx. & E. X 100)

The positive control group,
4. Normal histological struc
5 Normal histological structure O
6. Normal histological structure of the ¢

Degeneration of hepatocytes in the form of vacuolation of cytoplasm
pyknosis of nuclei and fatty degeneration of some cells was also observe
(Figs. 20-21). Moreover, intrahepatic haemorrhage (Fig. 20), areas of e~

crosis (Fig. 18) and marked periportal fibrosis (Fig. 21) were also abservy

0
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1-9. Photomi S a caecu ne trexate-treated
; Crographs of sections i h i
; ’ 1 ; n the StOIH'dCh, ileum and caec C
al'l Inali S 1ie. (Gl'(t)up I — F 12, 7 and Gr()up N = iES 8 and 9) hO\/\il go I .
den ng of the gastric sub i [ - o :
( M ) ) g ubmucosa with marked COI’lgCS[iO]’] of its blood vessels “arrows*
8. arked ulcerati 2 W | |
i tions of the mucosa of ileum with abse F illi
9 . e 1 absence of the villi (Hx. & E. x 100
arrow g« ([— Y P] (?Cyth infiltration of the mucosa of the caec 1. ( : it )
.Hl ' ) (¢} caecum with areas of ulcerations

IIOWeVer o <
, On a iti
ddltlon Of blaCk S(,Cd Ol] to anlmdls marked lmprovem t
’ en

i]] the h -
X yml) ocytic infi 1 1 S n the portal vein
( i yllC infiltration (F 22 g i p
B 0 ) . 1g. ), less congestion i i
ey, Ss extent perlpor[al fibrosis (l lg 2 ) ere alll observed ]H : =
and leq 4) w . oW

er, there .
of ¢ was still degenerati i
E generation of hepatocytes i
o (F{;S_ 2:)%/:,2@4;1] the form of vacuolation

5 B ): <
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exate /b\ﬂCk‘
3), showing:

aecum of methotr

i i 3 ach. ileum and ca
10-13 Photomicrographs of sections in thf gtomach(,i\:clquup o
seed l)lil—tl“ealtcd animals, i.e. (Group 1V — h%s_ 1()(12?’lte c;m“emon R i
i ideni f stric submucosa with moderd ges
10. Widening of the gastric s
Hx. & E. x 200) i . R
(]l Marked hypc‘rt]‘ﬂph}/ of Peyc[ S patchcs occupyt
ileum (Hx. & E. X 100) N
llltzlu‘InC(YCuSe in the lymphoid cells of the 1‘“\1‘,()5(1
1"5' Marked increase in the goblet cells of the cae

Figs. 12 and 1 e
g essels “arro

[ the
§ - o wall of
ng the whole thickness of the

E. x 200)

i & (Hx. &
of the caecum ( B )

cum “arrows”(Hx. &
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14-17. Photomicrographs of sections in the liver of Groups T and II animals, i.e. The negative
and positive control groups respectively (Group I — Figs. 14 and 15, Group 11 — Figs. 16 and 17),
showing:

14. Normal histological structure of the liver (Hx. & E. x 100)

15. Normal collagen content around the central vein and in the portal area (Mallory Trichrome
x 100)

16. Normal histological structure of the liver (Hx. & E. x 100)

17. Normal collagen content around the central vein and in the portal area (Mallory Trichrome
X 100)

KIDNEY

Sections from the kidney of either the negative control animals (Fig. 25)

?J the positive control animals (Fig. 26) showed its normal histological struc -
re.

of tc})ln the other hand, methotrexate-treated rats showed moderate congestion

tial - cortical blood vessels with mild interstitial haemorrhage, mild intersti -
i bll 10815, and mild tubular degeneration (Fig. 27). However, the addition

FigsC;(gizeg(;.oil markedly improved the extent of fibrosis and degeneration
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18-21. Photomicrographs of sections in the liver of methotrexate treated rats i.e. (Group Il -
Figs. 18 and 19, Group V — Figs. 20 and 21), showing:
18. Dilated congested portal veins (C) with an area of necrosis (N) (Hx. & E. x 100)

19. Marked lymphocytic infiltration in the portal area (Hx. & E. x 100)

20. Degenerated hepatocytes «yacuolation of cytoplasm and pyknosis of nuclei”
many binucleated hepatocytes (b), as well as areas of intrahepatic haemor-

onstrated (Hx. & E. x 100)
marked periportal fibrosis (F), and d
asm and pyknosis of nuclei (Mallory Trichrome

. Areas of fatty

degeneration (),
rhages (h) were also dem
1. Dilated congested portal vein (O),
ocytes in the form of vacuolation of cytopl

cgeneration of

hepat
x 100)

BRAIN

Examination of brain sections of animals from the different cxpcrimemal
groups showed no apparent changes when compared with the control ones
(Figs. 30-33).
TESTIS

her the negative control animals

. . - ica
igs. 36-37) showed their normal histol0g8

Sections from the testes of eit
or the positive control animals (F

structure.
Y ’7}/160
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22. Mild Iy]ﬂ cytic infi i )] H
4 hocytic infiltration in €
) ! ) Y a n the portal are: & E
| med 39 o ) I al area (Hx. & E. x 10(
23. Mild ¢ gestmn of port al veins witl 3 (& " : )}) es (H
s ild peri . ~ . S Wi moderate degeneratio f hepe
24, NV ortal fibrosis wi srate . : 0 OF hLl atocytes . cE.X
DS with moderate dt‘flbncl'ilfl()l] of hCl)’l[OC\lC\‘ ("W‘l“’()l"\ : -\l i
ytes (via y lrichrome x 100)

On the
other hand, methotrex:
B doc% d muiouantc—lrealcd animals showed histological al
se-depende . 3 . § al al -
R oo Sl)wd ent manner — including congestion of hi:;,d w
L e, 35 %gé) Edlu seminiferous tubules with increased inu:r\lil'b l_
. 38-39). However, the additi oF ’ stitia
e , the addition of black seed oi .
d these changes (Figs. 40-41) black seed oil markedly im -

DIScussion

The admin;
ministration of che g i i
?‘;;ntly . T lnh:n‘ chum)t}(lielapy in clinical situations is limited fre
8 e associated toxicity to host i | i
| i ' y to host tissues (Rubio et ¢
L Onslt& 1al body of literature ac i i ety
P ! cumulating during the past 15
g ationship between systemic e
e 1 systemic exposure (o various icanc
Ore, preclinicallsfé or therapeutic effects (Hon, Evans 1;93811)llc1:1;]1wf
udies s : " il
ies have suggested that synergistic anti-tumour Loxicb'ltL
1y
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ytomic

kidney

i ici ccur en metho -
as well as inhibition of metholrcxalc—mduceq to.x1(,1ty. ()u,u;l wl‘mzml o
;—cxate is administered prior to, or in combmangn qul pt ef[ dfl ‘3,99.8:
5_fluorouracil (Perez et al., 1998), leucovorlq (O ll.Z e i'i.’,ll,.d a]
ihymidine (Grem et al., 1991), thymidine and purmes(l()U 121(:1;1 trl; 1998);
i i 1998), mifepristone (P e al., 1
. olutamine (Rubio et al., , e (Pe AL
119541111; (Wunder et al.. 1998), docosahexaenoic dUdg(gH orie ¢
albu ’ ' —t O,
1998), or vanillin and chlorophyllin (Ke sh.d.v a et a.l., ' ') —
On the other hand, interest in herbal medicine is enjoying a rend gd o
: o ay < C —
resent (Venugopal, Venugop al, 1995). In our Smdy}wz?hmrexate
?hc\ first time — combination chemotherapy with a regimen O m wmcm ;.
and black seed oil. This combination produced a sgrnﬁcam impro d;;cgd -
both the biochemical parameters and morphological criteria in
i ino rats. .
methotrexate alone in albino ra ‘ B R
In the present work, methotrexate-treated animals show.c? tzldg!quhioﬂ
weight loss or weight gain suppression in an apparent dose-rela
o

en et
than the control animals. Similar results were reported by gobwicn (]997)
(1989) and Funk-Archuleta etal (1997). Chow and Rubin
) 23’160
144 SCIENTIA AGRICULTURAE BOHEMICA, 32, 2001 @:!

27-29. Photomicrographs of sections in the kidney of both methotrexate-treated animals, i.¢

(Group III — Fig. 28, Group V — Fig. 27) and methotrexate / black seed oil-treated rats,
(Group VI — Fig. 29), showing:

27. Congestion of cortical blood vessels (c¢), interstitial haemorrhage (h), interstitial fibrosis (f)
and tubular degeneration (d) (Mallory Trichrome x 100)

28. Congestion of cortical blood vessels (c) and lymphocytic infiltration (arrows) (Hx. & E. x 100)
29. Congestion of cortical blood vessels (c) (Mallory Trichrome x 100)

have stated that most cells that retained proliferative capacity after treatment
with methotrexate carried random genetic damage that was perpetuated
through many divisions of their progeny. However, organ weights of metho -
;TeXate—treated rats were increased in also a dose-dependent manner, but dif -

frences from the control animals were not statistically significant. On the
Other hand, animals treated with bl

In their body weights than the neg
Weights showed a insig

Methotrexate and plack
Ut thig decrease did no

ack seed oil showed a significant increase
ative control animals. Furthermore, organ
nificant decrease in rats concomitantly treated with
seed oil than animals treated only by methotrexate,
t reach the initial values of the control animals.
CauSZHSFy(.:l.e_SPCCiﬁC chemotherapcutic agents are, of course, cxpcgted to
cell inliflllflcam dam.age to tissues haymg a relatively high proportion Qf
€ proliferative phase at the time of drug exposure (Dethloff,

SCIg
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30-33. Photomicrographs of sections in the brain of the different cxpcrimcma\ groups showing:
30. Normal histological structure of a negative control rat (Hx. & E. x 100)

31. Normal histological structur€ of a positive control rat (Hx. & E. x 100)

1

32. No histological changes n mcthmrcx:m:v\rcalcd rat’s brain compared to the control ones

(Hx. & E. x 100)

33. No difference in the brain of methotrexate/black seed oil-treated rat compared to the control

ones (Hx. & E. x 100)

watkins, 1992). Success of any (reatment regimen is dependent upon the

elimination of neoplastic cells without significant loss of the regencrative

capabilities of normal tissues. The responsiveness of the bone marrow stem
as well as its capacity for both self

cell population to regulatory stimuli,
renewal and differentiation, underlies
McCull ough, Till, 1971). Almost paradoxically, “n a multiple do°
anticancer treatment regimen, the wave of proliferation (Vogler et 4%
1973) which follows exposure to cell cycle-specific drugs renders affect®

tissues increasingly sensitive due to the induction of a greater relative PO
portion of proliferating cells (Meeker, 1967). In the present study, mCLh,O'
trexate also caused significant reductions in both the erythroid and myelo”

populations in the peripheral blood. In comparison with our results: mﬂfés
investigators reveale

its inherent regenerative ability

d methotrcxatc—induced significant reductions in
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34-3 )]
4-37. Photomicrc gmphs of sections in the testes Group: an al € egaltive
S | d 1l I
; - . . OV: [} ps al S, 1. he gativ
Ok, al nistological structure a tesus Jjrou 1 Hx. & E. x
! o .
34 or1 . 24 C S G P ats (
35. Normal llsl()]()g cal structure o e testis 1n Gl()llp I rats (Md“ OCO) e x 2
37. Nor gical structure of the testis in Group IT rats ( ¥y ; OO)
10 » 1 : s (H & B 1
glcal structur testis in Gl()Llp 11 rats (M)jl ory : I?O)
‘mal stol €0 € (es ) [richrome x 200)

(Robbins et al.. 1986: R .
etal, 1997, o ; Robbins, Bowen, 19 i o
etal., 1998)’, gba;ok(\i/toaif }998), platelets (Viens igzuwl}igg (XY . [_J es
son et al., 1998: Ciesi ‘“7 C.athcy , 1991), and ncutr(’)phﬂq iB _éliral
gﬁlit:lotrexate—indl;ced s?gnlif%iiz?nktlinfi al., .1998) Other inVCSligaiors r]g‘;;ﬁfd_
u et crease in monocytes . )
analogues 2;1(3 r(t(lig%h)).have suggested that the rﬁgg;iZESSmG Ltz etal., 1998).
felatively magure their haematological toxicity was through i/] which .folatc
B T inform’a‘t’.OH-Clonogenic precursor cells, and notlz [k‘?l_dcpletlon Qf
fepe therapy prmwn was relevant to the use of dihydrof(})/l tl‘ ing progen.] -
Uited B s o Se()1(62:01§, and suggested that folate analoouzgb red-uctase -
can()ﬂn the other handCttI}?? {0; thC level of clonogenic progeﬁitc;x‘ :NeTlle .poorly
Y reversed the v;h ]b a dll{on of black seed oil — in our stud i
MOt 10 the initia] ole previously-mentioned haematological y — signifi -
values of the control groups. In comilacrzilsolzlamr'n}?ter&
with our
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a8

olrcxalc—treated animals i.e.

ctions in the testes of both meth
ack seed oil-treated animals

38-41. Photomicmgraphs of se

(Group 1T — Fig. 38, Group v — Fig. 39) and methotrexate / bl
(Group IV — Fig. 40, Group VI -
38. Moderate congestion of blood vessels
few degenerated ones (d), and moderate incr

39. Marked congestion of blood vessels (€)s
egencmtcd ones as well as marked increase in the int

niferous tubules (d) (Hx. & E. x 100)
ferous tubules with many degenerate

(Hx. & E. x 100)

Fig. 41), showing:

(C) moderately
case in the in
markedly shrunken s
erstitial

shrunken seminiferous tubules with
terstitial spaces (Hx. & E. x 100)

eminiferous tub
1 spaces (HX. & E. x

numerous d
40. Few dcgeneraled semi
41. Mildly shrunken semini 1 as mild

se in the interstitial spaces

d ones (d) as wel

increa

_Daly (1998) have stated that an extract

results, N air etal (1991) and E1
of Nigella sativa seed tended 10 protect from cisplatin—induced falls in hae”
1s and leucocyte count in mice and rats respcctive]y. Farther ”
(ed that a stimulatory effect of Nigelld

moglobin leve
more, Haq et al. (1995) have repor
sativa wWas noticed on the lymphocyte respo

Careful attention 10 dose schedules and th

apy has essentially climinated the occurrence of severe and often fatal 10t
tinal toxicity observed previously during early clinical use of folic ames
1984), but malabsorption syndro™
. es(’,ﬂ

antagonists (Pinkerton, Milla,
remain a significant concern in humans (Lewis et al., 1982). In the Pr

nse to pooled allogenic cell®
o use of leucovorin rescue the
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study, the observed .
- astr esti .
tic agents, and wercgin 115 mt—tjwn‘"‘l lesions were typical for tl :
et al. (1997) and N ak‘acn(l’l ance with the lesions describedli) anti-neoplas-
examination of the small int a,l‘u et al. (1998). Furthermore ); _Wﬂ rden
2 marked increase in the si sual gell of melhotrexate-treq[’du S
surrounded by channels o?‘ue of their mitochondria. The rr;iteo }llmce showed
contained long, windin Chr,()ugh endoplasmic reticulum; and (;] ondria were
oles, and myelin figuresg(B dnn«lals of smooth endopl’l%n;ié reti 1Clcytoplasm
3 » essler et £ reticulum, v
intestine due to admini ; et al., 1996). Fluid r - , vacu-
administr . . Fluid ret :
authors to be a POSSiblclma[lon of cytotoxic drugs was esmlon in the small
I s hand, blacAk See(rine.clhan.lsm for distention of th%: Hl:%gCSted t.)}’ the
phological architecture of 81 — in our study — markedly im 1r<(>)chond1<la_ On
figures. he small intestine, but not to thI; 'V'etq l[he ]
o initial contr
Aside from the al control
. expected toxici .
the gastrointestinal city to rapidly proliferating ti
a ; e "
i methotrexat;ﬁ;t .ar'ld the bone marrow, the rlilxpg. tissues, such as
Croft, 1969; Dah ]‘ Itml;lsuatlon in humans is hepalotajql side effects of
h il et al. v oxicit ——
convened a committee to P 1,971). The American College of él(E pstein,
cant liver disease (CSLD)‘A 6.5.5 the risks of development of cl; Aleumat.o[ogy
and role of surveillance li uring methotrexatc treatment, to inically signifi-
B e patients for “\‘//er‘ biopsies, and to provide N evaluate the risk
liver blood tests (alanin . toxicity. The committee reco mendations about
B .ikaline phos hc aminotransferase “ALT*, aspart mmends obtaining
P A 5 d rta p : )
logic studies, and o£f11)eratflsc’dalbum1’] and bilirubin) hc;if'td'mgonamfcmse
B i creating standard tests includi ) atitis B and C sero-
s reatinine . . uding com le
(Erickson et tests prior to starting tr frets .bl()od cell count
- n et al., 1995). g treatment with methotr
n our study, the liver of ani rotrexate
ne G ! animals -
COiltgzrl biochemical nor higtOlOUiCa;iS (;?;fcwmg black seed oil alone showed
group. On the T ifferences from tl : showe
(SieGPendent manner (')thtlll hand, there was a Si"nific'mt]igse of the negative
0T, a — 1n the mean e crease — in a dos
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In the present study, methotrexate induced histological alterationg in g
liver in also a dose-dependent manner. The histological lesions are NOn-g 5
cific; consisting of fatty change, nuclear pleomorphism, hepatocyte neCrosi7
severe congestion of portal veins, intrahepatic haemorrhage, portal Chronir‘
inflammatory infiltrate, and fibrosis. The mechanism of liver injury is Poor)y
understood; intracellular accumulation of methotrexate polyglutamate a"",
consequent folate depletion are suspected to play a role (Kevat g al,
1988). Furthermore, because choline supplementation affords partial tg COIn.:
plete protection, methotrexate hepato-toxicity appears to be mediated througﬁ
a reduced folate pool and the depletion of S-adenosylmethionine. The Subse.
quent decrease in choline and phosphatidylcholine synthesis results ip the
hepatocellular fatty degeneration and necrosis (Freeman-Narrod g al,
1977a, b). In accordance with our results, many investigators revealed -
merous histological alterations in the liver due to treatment by methotrexm’
e.g. fatty change (Lanse et al., 1985), nuclear pleomorphism (Szanto et al,
1987), hepatocyte necrosis (Kujala etal., 1990), intra-hepatic haemorrhage
(Cash et al., 1992), chronic inflammatory infiltrate (Aponte, Petrels
i, 1988), and fibrosis (Beyeler et al., 1997).

On the other hand, the simultaneous use of black seed oil — in the present
study ~ resulted in an improvement of both the biochemical parameters and
histological changes in the liver of methotrexate-treated animals, but not o
the initial figures of the control groups. Similar results were obtained by
El-Daly (1998) on cisplatin-induced toxicity in rats.

Similar to the liver, the kidneys of animals treated by black seed oil alone
did not show any biochemical or histological differences from those of the
negative control group. On the other hand, there was a significant inCl’CZ.le’f’
in a dose-dependent manner — in the mean values of serum urea, creatininé
and uric acid among the methotrexate-treated animals. Similar results wet
obtained by Grem et al. (1991) and Koch-Nogueira et al. (1998
However, treatment with low-dose methotrexate produced no significail
changes in renal function of either the human patients (Wiland Ct. al
1997), or the experimental animals (Ermens etal., 1989). The mechanisSi
controlling the renal retention and urinary output of methotrexate and folat®
were studied by Deutsch and Kolh ouse (1989). They have staled.that
1251-labelled folic acid administered intravenously was shown to be reti{me
in the kidney through a system that could be inhibited by either folic acid pr
5-methyltetrahydrofolate. Methotrexate also inhibited this system but
quired concentrations 50 to 100-fold greater than that required for folic 2
and 5—mcthyile[rahydrol’olate. Extracts from solubilized kidneys were shoW
to contain a folate binder with the same relative affinities for folates a
methotrexate as the jy, vivo system. Methotrexate was shown to causé @
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¢ urinary output of endogenous folates in rats when administered
ivalent doses to those used in treating human disease. Conversely,
as C?ulv}holrexalc administered intravenously was shown to be retained in
i -1c through an additional system that could be inhibited by unlabelled
the kldﬂ?’q[c_ but not by folates. Furthermore, Statkevich et al. (1993)
me[hogcor(ted that interaction studies indicated that there was secretory inhi-
Eﬁ‘i/gnro};' methotraxate as cvidengcci by a decrease in both excretion ratio and
rubular clearance at 25 ng/ml of methgtrcxatc. ‘ . . '

In the present study, methotrexate induced hlgt()logxczll alterations in the
kidney in also a dose-dependent manner. The histological lcsi.ons in.cluded
congestion of cortical blood vessels, interstitial haemorrhage, interstitial fi-
brosis and tubular degeneration. Similar results were described by Zacha-
riae et al. (1990) and Skretkowicz et al. (1996). Smeland et al.
(1996) have reported that rats subjected to continuous infusion of 7-hy-
droxymethotrexate had yellow microscopic precipitations in their kidney tu-
bules.

On the other hand, the simultaneous use of black seed oil — in the present
study — resulted in an improvement of both the biochemical and morphologi-
cal changes in the kidneys of methotrexate-treated animals. Similar results
were obtained by El-Daly (1998) on cisplatin-induced toxicity in rats.

The present study did not reveal any abnormal histological changes be-
tween the brain of control animals and the brain of treated animals. Similar
results were obtained by Moriuchi et al. (1996).

The results of the present study showed that there was a significant de-
cfease — in a dose-dependent manner — of only the mean values of serum LH
of methotrexate-treated animals, while the mean values of both testosterone
and FSH were insignificantly decreased when compared with the control
groups, Furthermore, histological sections of the testes of methotrexate-
U'%‘aled rats exhibited many morphological changes in also a dose-dependent
{E;‘;T{: ;/‘TI c.(}n‘ges[ion .of bIO(.)(.{ vcssels, shliun.kcn degenerated seminiferous

Glh‘lofis‘] ylmiwased interstitial 1xssge. Slm]l&r results were reporl.ed by
(1986) s S;“fil,WaIkl ns (1992) in trimetrexate-treated rats. Dixon
o Dre\'cni 1:\rw c;th that ‘vn'tual]y a.]l stcm‘cells would have to be destroyed
2 period e J»E;‘,Tjipuvatl()n of the ‘gcrmmal. ep}thchumt but. also suggested that
the raty w;m‘i,‘}!‘:' z\15(l2 §yclc§ of the seminiferous eplthellum (1Q—13 days for
chemi, ulc Dg required Io‘r complete recovery from extensive drug - or

T e .Llc?d degene-ratlon and atropl.l)./. , ' .
treateg by ﬁ;:f I](?lld’ the snmull:{ncous addition of blqck seed oil to ammal's
cal archi[CCf;fOn‘cxate resulted in an Improvement Qf b()lh the‘morphologl—

e Illcc}]-’,,;:;{(' O{ Ihe. lesl§s a.nd the h‘ypotl.mlaml&pl[u1le1ry—ax1s hormone.s.
4ism of action of Nigella sativa oil could be explained on the basis
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of the inhibitory effect of its active principle thymoguinone ot its crude fixed

| . nh cffe : r ONTE, J. - PE -
oil on lipid peroxidation as previously reported by Hou ghton etal (1995) @ TRELLL M. : Histopathologic findings in the liver of rl
S rheumatoid arthritis

| They have further added that the enada fised ol of Nig(%]l(l sugidt A Pire usn:ll(l;;;wll:d I\(ViAthclloi]gitcrnl bolus methotrexate. Arthritis Rheum., 37, 1988: 14
th‘ymoqu'inon.c inhibiteq thg cyclooxygenase and 5-lipooxygenase pathwaysg /S\cienceA] l::ﬂCl‘llty“of ;:?Et:l Sm]ij Biological Studies on Nigella S’PCCi,es_ [M.Scw;llfﬁff
I of arachldor}\c }ngtabohsm in the rat peritoneal leucocytes. Furthermore, both BABAYAN, K. V. - KOOT’TAJ;ZGCM]“[ University, 1988. . Thesis in
| substapce§ inhibited the non—enzymatic peroxidation in the ox brain phos- and amino acid composition of N,-A,ﬁ,t’ 3{-_* HALABY, A. G.: Proximate analysis, fatty acid
| pholipid liposomes, but thymoquinone was about ten times more potent. BAUGHMAN, R. P.: Methotrexate for.sali::)li((i]“:)_ seeds. J_. F09d Sci., 43, 1978: 1314-1318.
Wb 1998: 147-149. osis. Sarcoidosis Vasc. Diffuse Lung Dis., /5
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tic, gastrointestinal, hepatic, renal, and male reproductive systems. The data
suggest that coadministration of black seed oil with methotrexate may have
a potential clinical value, since black seed oil may alleviate the toxic effects

i of methotrexate in patients receiving this drug. SULUDE, H.: Phase I study of 5-fluorouracil :
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naci s methotrexatem maZe slouZit jako zdklad, kterym lze dosdhnout intenzi\,né-§,
a G&inng&jsi terapie methotrexatem. e
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